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(57) Abstract: A parallel link mechanism comprising at least three expansible and contractible rods supporting, independently of 
other portions and attitude controllably, a reticule surface plate (12) supporting a reticule stage (RST) retaining a reticule (R) thereon 
and a wafer surface plate (38) supporting a wafer stage (WST) retaining a wafer (W) thereon, whereby it becomes possible to reduce 
the weight of a portion, which is supported on the parallel link mechanism, by utilizing the advantages of the parallel link mechanism, 
carry out an attitude control operation with excellent performance characteristics, a high rigidity and a high accuracy, and reliably 
CD prevent the transmission of vibrations between the reticule surface plate (12) and wafer surface plate (38) and other portions, for 
a example, a projection optical system (PL), this enabling a fine pattern formed on the reticule (R) to be transferred to an upper surface 
of the wafer (W) with a high accuracy. 
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m □ ffltfmm $ nr t \ -5 o c op*a □ TO*wpjjgiw# ? ^ m zf a ^ e» <g>#s&i g 

tt©^IA^-7^SS3 8±£, ^JxfiTltffl^ms 1 9, 7 4 5^&£[C^ 
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^-7ft^^7K>^6 6^^->IC-T^<h|5]B#[C K^^r^>y6 8£<D F 
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, Ji&lfllCfiU? 1 ^;^ 1 8, U>X^3 2, £x/\^4 4&tf&i2ft^P 



35 



WO 01/22480 



PCT/JP99/05102 



*mmm-cits mi iz. <woAXx<D&mnk 

<£><, CCDii^, ^7Mgl5 4<D'J^->P|CJil3'\'J OAfiXlZlt. /t- 
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Itetl, ■5x/\U--tfT^lt ! fo Yii^[p]^gH-}|iJffl(D 2 -D<D=F&s\-2 4Wy, 
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4Wy„ 2 4 Wy 2 (7)ti-}I'JiitO¥i^fitlca-^'UT^X/\^^-vWS T(DYfi 
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£g&8 2^M$tlTfeU 4 d(£>*£g&8 2 rtO-fflO (113 ICfcCf^^flJ) (C 
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2 , 1 2 6 3 . iJ-7X>H-y9 5 7 , 9 5 8 , 9 5 9 (0 8W ^fnftli 
St, Ctie>(^i3(DP7M 18,, 11 8 2 , 1 1 83ICU, X 

*I9 4,~ 9 4 3 . 1 1 2,~ 1 1 2 3 , 1 2 6,~ 1 2 6 3 li, X7"-v$lJi|l^g5 



42 



WO 01/22480 



PCT/JP99/05102 



*nmmm-ci*s n?\s)iv>*mm 4&mi&?z>±izmz commit, m 

iisom z.<DA*zfttc.mmzm^^xmz<DWWzmm'i 2 6„ 12 

yKi 1 8^ 1 1 8 2, 11 8,A«-tn-6nfli**ti» «»^*PLA*ma 

hi 1 8,, 11 8 2 , 1 1 8 3 iz*r<Dmmik<D'#;m\zm&2ti&o 
lib, mmftte* v ->j\,-Aj*m<Dm^mmizj&misTik&ytm%kP l 

#IC, ±SE35K $2, ^3<D««i:l5l»0DPy K^3$fU ®lBi*J<* ( 

gWTi, mmWSt. @j£«UJglM* R M 1 S^nTlft(PIJgP«RM2^#*, ft 
ihBPt* T <£> 3 A , ( i = 1 ~ 3 ) tmmi* SOS^Bi ( i = 1 ~ 3 ) 
*§^#«nJtefcP'.j/ KR D, (i=l~3) £&mm-fZ>o CCT\ 3jSA, ( 
i =1 — 3 ) (CckoT^$n^®lCj5lNT, 3 UiEE.PiB(Dm£JZiiL 

S^Bi (1=1—3) iCfcoT^^^n^SlCfcUT, 3*B,lZlEE.nB<D 



43 



WO 01/22480 



PCT/JP99/05102 



n&o h'RDj (DWmits tPyKRD, ©ETf&fflflBPt* RM2 

^mmmmx^t. m4<D%m%kizt$i\T. ax, ay, zxfaoiiLW-mm 

, ay, Z ) (dflx/dt, dfly/dt, dZ/dt) ©JKffiffl 

jWM • sS»»3tSP3 0 6 a^jSJSaft^SP 3 0 4(0*J]»Hi6<!:UTSft^£tl'5<!: 
<h£lc, WrM<DtiLW - <gm<D®m<DZi#><Dl}mm (d ! ex/dt ! , d 2 a y / 
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&n«y KR D,^©«l*»*«**3t-r*. 

mmmiMtftf'frtDn&o jut, cti&^jiKicswi-r*. 

IE-T -5 ttblz. »SC+-C(4^C^ HUE** r-j *00©±tftLTSE-r* 
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(mm • mmoMVr) 

mm ■ mmoMtfTiz. itLm-mmnmm (ax, <?y, z) izm^^x. 

=§-□ v K R D i <Dm.2TktfW^fo$:-&#>Z>o 

Z\<Dfc#). S-T. UVWlt^lCfelt^^Bi (j=i~ 3 ) ^ft^ftOfo 

*Hi/b,£, (3) fCcfco-afctoSo 

b^ARBBbi •••(3) 

CCT, ARB li, U VWM^^e,X Y ZM#^-s(DlH]$5^^T?iJ-e36y 
. • mmn^3 0 6 lC33(*<5£S£l9:;£{ii0 x, 9yS»(Oez (- 

Jttt ; mXltO) lCcfcoT^*^>t>(D-e^^o X^&E&^&tT^JA R Blii^ 

i£ (3) lZcfcoT*46e>tl^:^^ h;Ubi ^fot, ;*cDjC (4) IC 

7 i =~^ + b' i -~a i ■••(4) 

"C^h^ptt* HH lz^$ti-5J;?>lc, XYZliM^o^b 
u vwjii^iifip^^ hpt&ik XYZiili;fcij-§, ^£ h;u 

Ai(Dfas^i> h;ur**tjv tnfn^Joo-s:^^ hut**. 

;£<£>5£ (5) &tf5£ (6) iCctU, KR D^R^DiSCKX 

Y Zj^Ht^lCfctt-S&P «/ K R D i <&#l8^|fii(0iliffi'<* hJUs i^^t^-So 
A=kl ■••(5) 
Tt'Tt/Dt -(6) 
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H R Di <D\*\&tf£.CZ><DT\ P y K R D ( <D{$m?ifo&&mtb(D 1 0«t P 

-r/j:^^> y,' z; mm**. xYziiiitiw?7T\ ^a, 

ipitu. z; ficbp^ kr Di <DW%ttnm£.tfWi2>¥-m£x; \; wt<D 
^Xi' MtKDte-tnmzt, £?%o fit, Xi' y,' z; mmm&z, 
* iftiuuiciijg^i^itisifiUTXi" y, m z" mm^mtz.mz. x t - v t " 
z - mmzk&Y," i^ieiu iznm^, fcit^uLxm^n^x^.z, mm%k& 

CCT, ftfg.il>,. <t> t £±VZ<DmtLH? h;Us , <DX Y ZlIIICfelHS- 

Mittus^ (s, x . s iY , s iZ ) tomizit. (7) ~ o o) <dw 

c o s j= s iZ ••• ( 7 ) 

s i n il) = (s iX 2 + s iY 2 ) 1/2 - (8) 

s i n <t> i= s 1Y / s i n t/> , ••• ( 9 ) 

c o s <t> j= s iX / sin^i ■■•(10) 
Sfc, X ( Y ( Z ( M#^t>X Y ZM#^^(DlHl$i^^T?iJA R, it. )K(Dil 
(11) <h&£ 0 

r cos4>i " cos ~ sin^ coscpi • sin xp i > 
sirKpi • cos tp t - cos4>[ sin<p t ■ sinxpi ■••(1 1) 

- sm0, o cos ip t 



AR t = 
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tetS, l=HES«lf73njAR l l*x;U5-hf7?iJT*U» EHEgBmai A R , IC <t 
<5[s]$E^i3ltf)i£^8lT&<5X Y ZffiS&^&X.Y.Z, ^^^(^[el^^m^ 
?"J iRAIt IUin^&*T?'JA RiCD$EM^f'Ji:^:oTtN-5o 

X Y Zii^MX.Y.Z, l^^Tlfc. #Py KR D, 04MRK#tt«jjSi B , 
[ZfcCr^iSJg^ S^XiYiZ; J^^^T^.fc#P^ KR D, OftilJg^ 

X Y Z lUT'lfc,^ B j IZ&lf&Mfg.^'i? hJU vb^, ^(DiC (1 
2) l;U;^Tifc#><5o 

v& { = v p +oo p *b i •••(12) 
CCT\ ^HUv P li, X Y ZM^^lCfclt^^igiA^S^a/CvCDiSJg^ 

^h;u-e&y. Mift^siix^-[Ris^Y^[S]icii^»]U/cj:^o-c\ ^ h;u 

Vp (DX^^StXY^IittlCOT^U. Z^lii$^^gP3 0 4 

as»sftdz/dtt*«, wpii, x y zmmzkiz&vzmmi* 

SfcjSgKJtffid 0 x/d t&tfd 0 y/d t IK *&l§EiH* S (i Z 

(ClilHlfeU/j:tN(DT\ Z/jl»liOT*S. ^£*3. iC ( 1 2 ) aoaUTO 
5G(C;fc<,\T, ^ y-jUt^Z hJl>£<DmmW.mmiZtel.\T. rxj lcJ;oT^ 
»3t»*. r-j lz«fcoTrt«a»*S-rt>0<!:-rs. 

x^iZi is^tafcAB, icfc(t-5iSJg^^ h;u , v b, #cs>5£ 

(13) (CcfcoT3K«)-5c 

~vbi=iRA ^ •••( 1 3) 
CCT\ V)V j v bi (DZ f Py h'RD, 09#$t jSJ§ V R ( ~C$>%> 

o 

;^(DiC (1 4) ICcfcoT, ±ffi<OJ|ite^ HUs, SrX.Y.Z, 



47 



WO 01/22480 



PCT/JP99/05102 



^sV/ta •••( 1 4) 
OiC (15) lcJ;oT:£#><5>o 

^; = ("^x7^:) ...(i 5) 

x y zj^^-c^fc^Bicfcit^in^jt^^ h;u^. (i 6) 5£ 

led: oTti65o 

^* = a^ + ^x^ + a^x(a^x^) -(1 6) 

"^K/u-rfcu, M»#siix^r6]R^Y^[fi][ciiiE»j$n7a:u(DT\ <*<^ 
h;ua P (^x^^s^Y^iitticoT^y > o 2 ic 

fc[t&APi§jgi3::£fitd 2 z/d t 2 T&3 0 ^MUiSpii, xyzj^h 
mz£>tfz>®iwW}ibs<Dftmm'<£ mut^u* ^x/^stfY^iiapii 

JgfS^SP 3 0 2 (CfcCJ-££ jPiligig^fl d ! 6x/dt ! d 2 0 y / d t 2 T 
feU, MggSl^SliZi4lE]lJ(C[ilEIA^n/cCCN(^T\ Z^JiOTfe^ 

o 

x i Y i z i mnzk-cRfc&B., iz&i-rzmmm^? hu i at t>., k<d 

zC (1 7) fCcfc^-0£«>3 0 

~ab i = i RA ■ db t •••( 1 7 ) 
d CT> ^ K;U i a b j CO Z j /Uttf#\ P*;KRD, £>ft!i«iSj£ a R , "C* 

XiYiZi Mfli&TJifcjS B , (ASiPilJt'^ h;U .jS, ( 
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1 8) [CcfcoT3£a63 0 

Jfit = (Jfi * 7^) /D t - 2VR t ■~w i /D i -.(18) 

nTlftffliJgPW RM2 <t^e>4lj££ftT(^<5 0 ^^SHSfflJBPW R M 1 &t*'nTIMI'J 
<£>««fim 1 T?*U, PTWlftiJSP** R M 2 (D««(im 2 ft 3o 

, ^ l i otesicfc y % piiftfflijgpw r m 2 onfoiz. & b , # e> * a , ^ 

|fiJ#3^lRllC?&-pTj5B l j&>e>ffiKL 2 ©ffi«lc*<5<!: 

i a 1 , Jktf*lW\mmtt R M 2 coa/CAlCfctt&flnjiJg'N^ , a 2 , 

#<DiG (1 9) stfiC (20) iCct-pT3Rd6^ 0 

~^ = Ll-"^ + £l-"^ x (^ x 7?) - .(I 9) 

= ocR, ■ ~7 t + 0> f - L2) ■ x -7. 
+ (D t -L2)-^x(^x^) 
+ -S x ^ ...(2 0) 

iS*0»«f*«IIT-r*<i:» 0 7 lc^£tt<5J: ? lc, t&Mfttt S £ p y K R D , 

f LT, #P 7 HRD; ^Ityy^fAi lt^ ( £-P y K R D , 0) A , 0 
V<DMW)Jim&&JZTZ>ts #<£>5t (2 1) £#3 0 
~n^A = d (~h~A) /dt --.(2 1) 

Cut\ ^£ h;U ( n i Ate, Py HR D^A, y (D^-;* > h^t£ h;U 
T&y, ^ h;U ,h iA(i. Py KR D^Ai £MV<Dftmmm^Z 

-So 
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□ y K R D | {cJ52j i f a, df a Xi , , f a Yi , , f a Zi ) #38£U ,£ B , IcfcU 
TP y K R D, lzWi< Kft {-, f b, (-, f b Xi , -, f b Yi , -, f b Zj )} 

* B , ttffilfttt S © * B , <DMfc&<DRJ3<D X , WuStt&tf Y , $A/£ttlCfct 

R M 1 <2H«m 1 % plSjtfJJgPW R M 2 (Dllm 2 , S^fi^liPiSJglCJ: o 
TSfebW, £fc. Z, HJSWNCttJfc-rsffi i f b Zi (i, JUTlc^^ti^XY 
Z^^T^M«J^S(DMiiiItt^liit-C^^iC (2 2) ^EHE^SSt"? 

(2 3) <t€a3i^i±T^< cttc«fcy*«>e»n*. 

3 . _ . 

£ (Afb i ) + m p g=mp a p •••(2 2) 
i=i 

Bn p =£ (Bb r B%) •••(2 3) 

i=i 

CCT, ^h^l/Af b^l X YZg«&-CJ?.fc«iMM*S©£B l <0ttJ& 
,«5lc£>l:f<g>J£*J'^ HUT&U , (2 4) lCj:oT^«)e>tl^ 0 

Afb i =AR i ~Jb i --(2 4) 

B n P liU VWj^#^T^c^SEii^S(D^->> hT^>^o MIC 

^^hJUT&U, &CE>3e (2 5) ICcfcoT*#>t>tt<5o 
Bfbi=(ARB)~ l ■~Afb i 

= (ARB)~ 1 AR i ■~]b i •••(2 5) 

ftfc, iC (2 2) <t5£ (2 3) <k<DiISE^SiC(i6O<0^eiC*#^-eu* 



50 



WO 01/22480 



PCT/JP99/05102 



t)K 3Z)(Dm , f b Zi ( i = 1 ~3) &&&&<DlZ$>fzV » mWlftd x, 6y 

, zjift<D3&mm?5ft\z'D{,\Ti$.£nz>z£&mmLT. sc (24) <az/£ 
^icwrs^e^atxic (25) oe x, e ym^icwr-s i-Do^m^^ 

tux. mmttmmm^3 0 si*. ^pyKRD^i^ttT,*, #0 

5£ (2 6) ICctoT*i6^o 

T i = if b Zi + m2 • gc • c o sf 

+ m 2 • i o: 2 Zi -"(2 6) 

CICT\ |f b Zi It ^£ h;U i f bi (DZtfLftT'foV. e c lZnt>1)Umm<D 
(9. 8m/s 2 ) -C&-5o 

3fttt£lfcWU;t#\ d ' A I emb e r t }£|C <fc U y H* R D, iZttTZfe 
^m^m^mth-t^Zt'b^imr^^o d* A I embe r t;£li. ^zL-h 

> - *j^-&izt5v&mm.<D$k&z^^£T>'nmizmmis. -=l- 
b> ■ x-t^-miziov&faziti^-ty^z. mW}JjmjZfr*>m&LTi\ 
ztztb. -=l- h> • <b$imwm<s mmmiz^ui^ix 

&>Z>o £XTs d ' A I embe r t [C^HNTMfc-T <5» t£&. ^(CTj^&lN 

mr, -=l- h> • j-j^-tetrnmizuT. mmtimmtiriz^y. w.m 
•mm. mm- Mm* &ztm&m • namm<Dmm^v 0 z\<otz, uv 
wmm&fr&xY zmm^o®m&mftmu*4^-ftmmiz£^T&&& 

&<D5£ (2 7) £;t/t-rx Y Zi^CMt^P y K R D, CD U >^ 

■v^ \d7>nm j b 

vb t = Jb t -vol •••(2 7) 
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'J >*1*=l \fT>'nm J bili, ±M<£>5£ (12) «!:lH]-(Ort#^Wr^5J: 

*S o 

XOjH (2 8) ICcfcU. X i Y i Z i MfmZ&lZfflTZ) KR D, OU> 

-,. ftWfc,- •••(28) 
cou >£-\*=i \iT>^m , J b i J; ;*tf>ie (29) (c 

cfcU, X Y 6 SSJS^lRjCDxlJt^^ Ml/v a P jfrSX.Y.Z, 

T^=. 7V^7 -(2 9) 
&UT\ #(D5£ (3 0) £»fc-rttMJ!K*ir=i t?7>fT?U J P£3£#>£ 0 
VR^JP -T p ■■■(3 0) 

3 t'7 >fr£'J J P li, ^h^iVb^Z, □ y K R D | 

aUfe^lgWl#S(DS/^MiyT<DlS'tt^T^J^A IptLt, ',k(Dj& (3 1) S 
tfxC (3 2) T3fc#>t>n-5 0 

f s P =m p- g-™ P <x p "(3 1 ) 

^ = -^ p -^T-^*(AV^) -(3 2) 

ut, ttan*j^ mm s P <tist4 h^^^^ M>t s P Lfc^ h 
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i^Ufc^i?hl/ Jli, X j Y i Z j JHHts^lcfclt-S^S-P y KRD, £Hi 

fiK-rspTiftfljaj** r m 2oa/^icfflft<mn^^^ nudists hu^^ h;u£ 

f7?"J«:fl6fflUTi!»^gSC*f^fiE-rs. f Lt, illft;*fl5££ft¥< C <h IC J; U 

ufc^ox, mttm^mr , its &mmi*-v?¥T>'i=ry\ommmiz®i&T 
&±<D£?izi,T. mwitjmmm^3 o 8 iz^^x^^ntc^-ny k r d 

i <D*£2l*i^iS(*, IE^M3 1 0 (CfclNTfrP^ K R D f ic^^tl^mJE 
ffl!Cffi«l$n*o UT^$n^:«i±li, WEJQ3MS3 2 2£ttU i 
iStl«P3 1 2£*M,fc&, h'R D, <^)H7^f-X-^ (HI 3 ICfc 

h^E-^ 9 2 lC*t/&) lC0tf&$tl£. fl/T, «^$n^c«JElC^DTP 
y K RD, ICJ; *£iEif)tt3 1 6 (-r&*>5» ±I5tf>*£lEIfj 

(HI 1 ©^IA^-7^i3 8lf|C>PtJ&)) ifi6 x, 9y ( Z?j|i5](D3g 
SJ^^fR][CiE»J$n^o 

i^HiinBP3 1 2s^iEi*<*3 1 6 iztsvz&ffflmnzmm ux. 
itiw • mmnm&3 o 6 • ^fs^fittx^-^-fe^-y-s 2 0 

1 ©7t-*7-i!>-y-7 3ic*t/&) iz^^mmmommmto^zjto 
itnE&&mH3 1 8#»4ut, m.i±nm%5 3 2 2icftt^r^ciicuTtN 
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P 7 H R D j <DS;££ny K^-tr>-y-3 2 6 (mi&<D U UI> □ 9 5 lc 

iccfc-sp^ kr d, (DmtsvnmmtKD^izjfccfcmK&mmzza 2 4 

1 8,3 2 4 lCj;£*i|jIEmJEig£[Cj;y, B$fI3iingP3 1 2X(£»(B»)tt3 1 

&±mmms 0M7f-»gi5 2^^^tuxm^nxi\^o & 

UPiSSIft^aP 3 0 2, ilJgf$^gP3 0 4, foW ■ &»»3£eP3 0 6, i£®J*J^ 
»#fBP3 0 8, mJE^&gfl3 1 0, M»« 3 1 8, RtfiflfflWR 3 2 4$rtlU 
TfcU. U^^^UU— tf=F^lt2 4 R, 9x/\ U-+f =F^it 2 4 W. 7=1--^ 

/^i/^u >^««(c«k*sg«i*ij?aBRa*«fflLTU5 L ^^-^a* i 2& 
mmtux, /t^u;uu >?mtn7 4&mm?zms<D®m&m^xm&is 

EGA (X>/\>* h • ^Q-AJU • h) JPUT U £x/\W 

4 9 2 3^$B&tfCft[cm^£*H^if!fi5 , 2 4 3, 1 9 5 ^lCf¥3ffl (C 
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M^£*U CltllCiK E G AlCOtNTIi, 4$MHB 6 1 - 4 4 4 2 9^4> 

m%.tfZ.tUZ*lJ&? 4, 7 8 0, 6 1 7^3?lCg¥ttMCHl3F3ttT 

ffl UT*W*ffl»tf)fE«(£>-gG<h-r<5o 

3^;UU — tf^F^lt 2 4 R y,, 24Ry 2% 2 4 R x (DUil'Hfi^-* U3>0 

;UR^Y^[pKD^F?g^*[ci9:^:^-^o 7f-^JHgl5 2m 

±M»815 0^e>Oti^lCJ5BD. ^lAU- tf'T^It2 4 Wy,, 2 4Wy 2 
. 2 4 Wx<DmBJHfi£^^0OO2X/\ig®!!£!g4 O^LTCl/Uf- 

14 0 nf LT ^^7f -y R S Tt^IA^f-yWSTi^ 
T<b^73l6]lzC7x/\X7"-ixWS TiW;l/7f-yR STi^iSlt, 

p L(D^^jg(Di5Hi*iic^-r^ctp[c, xt— ^*jais«5 2MA7I/ 
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1 tf)Py K 7 8,~7 83 *#tSft!lffllLT, 5IA^-7S13 8£?hLTSx 

COJ;?lCUT, £§U$P£|g5 OTIi&f^^P LtOXAW ( 
^I/Uf-yWST) £<DZ, 0 y (D 3 g fiJg^fRlOffi^agOPM 

■r s /\° * - >$s ^-fk^ m -h m±-f z> £ z> iztz o t t \ 3 . 

z, ax, 0 y^iRi^ttg • mm&ifUzpmvwmizm&T^Ks xx-y^j 

>?mm7 4&mi£-r&i&2<Di$mmmi i 2,-1 1 2 3 ^^ 

^-KAyfUSPU ^2©Q7H1 04,- 1 0 4 3 «r#«*J»UT, 

M-xt^i 2©z, ax, 0 y©3 eaa*ip]<0ffiB • am**H»-r<5. 

Z.<D£?lZUT±®m&m5 0TI3, WLf&Jt^Zk P L {C^tT-S 
^^Xt-/RST (U3^;UR) <h(DZ, 0x, e y ^«fii^ii 

iU±»lffllcSiWU/t«fc5l=. *0S«ifl5«8(0B#£B 1 oiCck^t, ^f&JfliiS 
^5 0|C<fcoTEJ»£n5/^l^U'J>*«M*7 4 0IS1 ©««*«fi£-r*# 
UbI^^I^I <DOy K 7 8,— 7 8 3 (C«fcU, 5XA^-7^3 8©Z t 0x 
, 0 y^TlRKD^B • «»**Jffll-r*C<!:^-e*, CttlCcfcU, ^x/\^-x^ 
il 2±|:;?±J}$$nfc , 5lA7f-yWST(DZ 1 0x, 0y^[R](DfiB 
■ £»<D*!l««jftt#tt&<* S^PMttT, M^II^TPCii^T^So f/j: 
fc>^, i^il om ->iA7r-yWST±l:z • 3^l/hB»ttM**SS: 
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(*<5>ci:£:<. fatfc'simtsi&l (Day K 7 8,- 7 8 3 [CcfcU, ^x/nx-^-v 
WS T±lc{*t$£ft;t£x/\WC9Z - 5^^U hIElft. CAUTIi £x/\WC9&f2}t 
^^PLlc^^-^z, 0x. 0 y^ftOffltttegMiJillU -r&to*.?*-*!* 

ZOmS. ^IA^-7^i3 8li, 3*G03f|l COPy K7 8,- 7 8 3 fCcfco 
T&f*ft^P L <tfi&3i UT^^ntl^OT. ^I/Uf-yWSTOJ 

, z • f-jihzmmnrf^ttzzfts vjl/\xt-vwst commits njm 
oTfij^i$n^/\°^ u 74^2 ®m&flij£-r&#SRnig&:ffi 

0 4,~ 1 0 4 3 ICJ: U » U^JU^-X^M 1 0 x, 5 

to*.. 3%£11 OTIi. l/?^Mf-yR S 2 
itf)^, fc^lMiU^JUX-^-vR S T±|ZZ • ME»J$HI£l3:(*<5C 

#$SnJte^:l^ 2 co p y K 1 0 4,- 1 0 4 3 lcJ;iJ, 
R S T±|C<f*l$$n£U3 1 ^;URC9Z • hlEifk CKNTIiU^^RCOJS: 

mit^zkp nzw-fzz. ex, 0 y^iRicoffl*tfiscosij^, -r#t>^7*- 
2 [c^ffl-r^^finic e t-DT^i;^u5 L ^>'UR0DT : 7=j--^^icsBisi-r^/\' 
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1 2li, 3*^2(DP7 K 1 0 4,- 1 0 4 3 l=J:-3TSIB3fe*3RP L £(iSi 
3iUT£*#£nTO<5<£>T, W^f-vWS T<2igK)0|^|c-?-GD!§Eifj2j 

2±TiBlft-r*RI©IBlft^&tKiESI!lS^«:fia-r*C«tA«T 

p L lcfcii£n3(D;m±£ttTO<5tf)-r\ p Lie 

) lcJ:oTiS^^P L < t-5x/\wi:©ffl«tl«i8««:fllfia<«ai-r*c: 

L/f^;i/7T-vR S T±|C|8:(te>n^|fttg2 2 R iCiUS If- A£ 

4Ry„ 2 4Ry, 2 4 R x Jl^-X^Si 1 2 [CH5£2n;fc ~ ^ 

-2 8 (CliJftlf-A^BittUU^^^^-X^^I 2<TJ)Z, 0x. 9y» 
1 3 tf>=F;£lt 3 0,- 3 0 3 <hlC<fcoT, Is^&JlXT- 

vrst t»»3it^* p l 6 s ajg^ipjoffl^M^^tb-r^M^ai^ 
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R S T<0SKWjR2lJ&*JS»2tt¥& P L lZfcm2ti2><Drfm±tsnTl\%<DT. « 
i^ft^P LlCH^^n^cfig^tii^S (T^tt2 4Ry 1 , 2 4Ry 2 , 2 4 
Rx, 3 0,~ 3 0 3 ) lC<fcoTj£i2ft^P LtW^f-yR S T<D*B 

*HSfeff$liCD§ift£|g 1 Oflt ^10P7K7 8,~ 7 8 3 , ffS2<£> 

P7F1 04,-1 04j iz^n^nmt zft&mzm i w#s^«i«i9 4,-9 

4 3, SI 2 1 1 2,-1 1 2 3 #\ fflStCS^lJ (XteMSI) IC|£g$ 

n^X7f>'J ><?8 4 <h«^^) l J-T ; E-^(^-«T^'5>>^7 h^E-* 9 2 
LTl^TUS ^JS0^S5 OTIiXTv'J >*'8 4 (D^JEfrJ 
»CC«fcy, 51/^-7^3 8, U^Jl^-^Ml 2£, ffl<*£<(B 

Sj-r^iifcic, «>^^ h^-* 9 2 [Ccfcy$H^<^i*^-i±^c:<h^T#-5o 

a y^|fi]^g • ^TIiU^;UR;&tf£:r/\WOi£i2ft^ 
P L|Z>Pj-r-5Z, 0x, a y73|6]<Dffi>Pt<iS^:ill^, 7*-** • U 

*7t, i1©P7K78,~ 7 8 3 , Sl20P-;h' 1 04,- 1 0 4 3 cD^*l^ 
ftlt. i/*7 h^E-* 9 2 ORTiA^-C£><5?ffi:i- y h 9 O^S^ra^f 
^ZL-.y K8 8(C*tUT^MT^t#-r^XTA°'y K9 6 £W LTl^OT 

t<£>z, ax, e y^ipj^iag • mm<D$m&-mnmm\zfr?z:£wxgz> 

o 

*£fflifl£flg<Z)RftgK 1 OTii, fM 9 4,- 9 4 3, 312 

<B<**8«I«1 1 2,-1 1 2 3 , &tf$3 0ffiif-aftflt 1 2 6,- 1 2 6 3 ^Mt 
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7 4 [;:J;ttl;J\ /h§y • gS^k<!:ai^^lR)±<l:^|HlB#lc^ilT€, l^iil 0 
H^tfu^lc^? £££1::, ->^7 h^E-^9 2£ffli\TJIS!]tf)fliiJSi£fT5<fc5 

ic-r^d^an^-So c<Dcke>ic-r^<h, ^x/\^-x^^3 sstxi/^^^u 

ic-ff o T£ - xOIEIftlC <fc U ± D-5 J£2j IC J: ? X 7 x/\^ 

U >^ 8 4 <0^K«:«iJffl-r * C i fc<fc y f£ja;&Jgi&£ftJiS-r 5 <!:<!: =6 Ic > -v 
7 h=E-5> 9 2 lc*t-T**0lt*ijaircJ:yKSiffiJSi!i«:*6li-r^cfc5Ic-rsc:i: 
#7?**. CtDct^lZ-r^i, &7^-v<Dlg»[Ccfcy£D£J5rtlZj;oT£ 
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5IA^-^!S3 8£— HP<h-r-5 0x/\M4 4 Uf^UMI 8<hU>X 
^3 2, MU>X13 2i:Ox/\M4 4<!i^^n^tiaM^^#^gftcD^ 
3 6££WU i£f2ft^ P L „ J&Zf 

l/f^^Xf-yR S T^^m«hPi^|-r'55 1 i'>'A4 6£H;SLT^<5o Z(Dtc 

vzwmi 4 iccfctj ^i/\^-^i3 8. u^ju^-^s: 

o $.fc, ft >A" 4 6 lc J: U ■Jiaxt -v W S T, iSi^ft^PU JktfU 
f^^r-y R S T^Sii^t^nt^-S. S£oT, ft >A4 6rtl:I 
Htfl';* (N 2 h ^'J^A^*^ (He) mZltrnTZ^tlZ^V. A r FI+-> 

o 

Xj-yWST > l/f^;Mf-yR S T(^>@S^^fig§iJ^Pt4<Dlp]±^oI 

licn^y&^ii&x^u^b:-^ ^ 

So 

t^3*(Di3(DP7Kl 1 8,-1 1 8 3 lZ£^T&m%:¥%k P L^$n 
feli^[C^)tNTStB^U^:^\ cnii^3(DP«>Kl 1 8,-1 1 8 3 £-?-tt-6n 

<*m2-&&m3<Di*mmmi 26,-1 2 6 3 £^syicM-f.5c£:[Cci;y, & 
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mt?.<Dm3(DmmiZitXT. i£f*ft^P ^SFD±t@S 

nT#£&(£-C\ ^X/WVR^U^^^ R (Of tlf ni^^I P L z , a 
x, 0 y;*rp]<7)*B>WagfI8^£PHT#3„ 

±IEHJ(i^Tli, l£3tf)#$Mtl1 2 6,- 1 2 6 3 feX7y'J>y 
<h->-^7 h^-*<h£WlJ-<5 *><£><!: Ufc#\ If! 3 ©#»«|«ttX7>' U >^(D 

^JUR<D^7^-^X[C^H^^/\°^->ft^li¥fiSrnt)ll^±-r^c:<h^ 

£*5» ±IEH*|B^ft8T{i. Hi CD^-*£Ptt7 6,, 7 6 2 , 7 6 3 , m2(Ds< 
-X»*t1 0 2» IB3flD^-^ffl*t1 1 4„ 1 1 4 2 , 1 1 4 3 £f n-£ftS"J 
SI^T*g/rr£lI^ICOOTlft^L£#\ £ 1 f£3(E>^-XgB 

(D^-X%m(DPi. &m<D'>t£< 2 3»$:|ll-gP«{Cct;oT*I^UT'fcatN 
o f&to-SK 311 > m2S^m3(D^-XHP^f(0±T^|5l-gmT^)oT : b^ 
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^x/Mztt-T^SSftf IC, ffeO^lAXT-y±T0l/m [)I/U(D7 
WAtf, U^A^-x^Sgi 2±i:U5 1 ^;i,/;f-yRST^I|jH§i$n 

fxWS T^Uf^^f-yWS T£££t>lcig£fclgl;J-<5iI^l;:(i, 1 -D<DV 
x/\x^-^±(D^x/\|c^^-^#aS^^lcflii(D^x/\^^-v±T^x/\ 

#*T#, ^(TJU'5 1 ^>'U^ffl^^:2fiS7t^(D^«il7t^i^X;U-^^ hTH 

xfo-oT'bs /^is)i>v>?mmiz£v$.ftznfr. m^^uj^jy^mmco 
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>/XrtfCMt#* (N 2 ), ^\'J^A^*^ (He) l££ft«-f-5 C <h (Cefc V % A 

ij>£mm\z&y3zftTz&z>izuTisBkiK 
<(m2<Dmmmm» 

. mmufrmi <Dmmmmtm-miy<it^m(omm^iz-Di\xit. m-o 
zm&m^ztt'biz^&mw&ffiteizu. mu<itm^-t^%(D£-r^o 

H9icii, m2(DnmB&Az&%mytmmi 3 oommnm^^nxi^ 
o z.<Dm?tmwi 30 it, mytmmwftE i_£ v^traw^R izm 



64 



WO 01/22480 



PCT/JP99/05102 



^.(Dmyt^M 1 3 Oft, 7X^77-y<i:UT0W^T-/RST > 
yi s ffll^n, CtlbOXT-y^\ ££13, X, Y, Z, 0x, 0y, 0z 

Ctf>SSft=£g1 3012, mWitt^m I O P<h, W^R^tSW 
J^T-yRST, i^ffiPL, £x/\W£ti^#i*- §^i/Uf-yWS 
T, 9lA7r-yWST^l> Ki7i^^(hlT^n^ 1 0^7l/^'J 
>OWm\ 3 2, W^j-y R S T^l> Hl7iy^iLT : lt5^ 
2<D/1^U;UU >^HtH 3 4l|£iI;*_TO<So 

IS i o/\°^lx;uu >^t$*ii 3 2ii, 0 1 o [c^£n<§>J:5[c, ^u->;u 

ttl 3 6<t, illO^-XOTl 3 6 iOl/Uj-yWS T<fc£il3£-r£ 

6 nJ^/cEffS 1 (DP V K 1 7 8,-1 7 8 6 %\ ©Py K1 7 8,- 

1 7 8 6 iz^-n-€n^(te>n^^&^ i <z>p i o#*Mtt 

1 9 4,- 1 9 4 6 (m9T(2lll^1±-r\ HI 1 7 #BS) <h£W UT U&o 
SlOP-;K 1 7 8,- 1 7 8 6 <hUTI±, HuMU^m 1 (DUffiiiTStBfl L 

£Wi2$t{%m£ : $:&?%<b<Dt)m^*>ftT^Z>o IT, S-KSlOn^HI 7 
8,- 1 7 8 6 £tgj&ir<5ig1 %mtttm2%mVStfm7i'V>#£i'*7 h^E 
-*<h;^6j££iiu*EO/c!&l Of**?H8Hi9 4, <hl5]«(D^l 1 9 4, 

~i 9 4 6 iz&-DTmmm2ft%£z>izzsi^Ti,\%<, *7t, siopvm 

7 8,- 1 7 8 6 o-^-n^mcii, tnf nos i ©{muni i 94,-1 94 6 
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feft-fZ>*-)[,m=F$:m^tziJ—TJL>u-y9 5,-9 5 6 (0 1 7#.K0 & 

con^. mi o^e>B^e>*^ct5ic, py hi 7 8,~i 7 8 6 <Dfnfn 

11 M&&3.-/\— yrjUi>3«( > h 1 3 8^^11, If! 1 <£>^<-XgP# 1 3 6 
i^I/Uf-yWS T£[C^ft^ft}gM£nTU<5o P7HI 7 8, 

, 1 7 8,11 OlAXx-yWST(D£ft^lO(DlMI(Djfi§l:^ 
m 1 <£>^-XgBtt 1 3 6 <hCtlt>£>P yHl 78„ 1 7 8 2 <h(CcfcoT 
MBSH^W$^1«^$n^J:e)/d:BeS<h/j:oTt\'5c P7KI 7 8 3 , 

1 7 8 4 , ^P7F 1 7 8 5 , 1 7 8 s li, ^IAXj-yWS KDEft^C? 

si v <D&m*tiLW<Di&miz ^tn^nmwizn. mi(D^-^gpwi 3 6t, □ 

7H1 7 8j, 1 7 8 4 , MP7K 1 7 8 5 , 1 7 8 6 <hlC<fcoT, -t+l-^tlW 

U-ZX>=l-y 9 5,-9 5 6 oai^(i^JSil^S5 0 icftt^^n^ctexc 
te-DT&U. cne>OU-TX>zi-y9 5,- 9 5 6 OttJ^IICS^tNT. mi 
0>tt*6««i 9 4,- 1 9 4 6 #\ i$)JigS5 0 ic«fcij , 7t-v»SS5 
2&frisT®mznz>J:?\zfe-DT^& (mi 7#bs) 0 

4oamtti 4 o©±«pjcK«*tixtiwto^y h 1 42 «iu 
fijj^te&oTOin.- y Milium) €^UTia(^7K¥ics:?#$n^^ 

LT±7^6>}f AStlt^S, jftl^Jt^P Loa«8PO^«BPlc(l 
SI^C— ^t^tt^^^F L GW^ntUS. :®77>yF LG©i 
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ttiUTIi, i&m&mottW. mx-lt* >n- (Inver ; - 7^1/3 6 %, V 
>#>0. 2 5%. &tfmm<Dfcm£ik<DKmZ$tsm^ti:Z>i&&m<D'&gE 
) #'ffl(At>ftT;fclJ\ C©77>yFLGIl iSf^ft^ P L &mffi£M 1 4 

s jftHJ3t**PLo«ijt»i 4 4 u^t>ii*# 

C(Oli^> mm^L—y h 1 4 2 iCcfc^T, ^I^bif^Sii 4 4{PJJMe^ 

•Cits SttHO, RSjgZL-y h 1 4 2&tffltffi£tt1 4 4|Ccfc^T. ISi^Tfe 
^PL$ 4 «^*#»^««*tl*J*liiF D±TH^3fej«Tr***««^« 

©^i/\7f-yWST©XYIrt<DfiIli, mi l Ic^^n-S 3 -D(DT : Mf 
24Wx„ 2 4Wx 2 , 2 4 Wy a> £>/&<5 £ X A U — !f ^ft^X^ A iCcfc o 
TO. 5~1 n m<DftMmT*&fci*tlTl\Z> 0 
^n^Wizn^-t^t, fM2 4Wx,u, m&UftmmfeM^ 4 4i:ft 

6 0°) MMUfe^fplOjl'Jfttl'-AW 1X1, W I X 

Tommizmj&zntcm 1 sam 1 4 6 aic^uTSiiicBB^-r^o aystf- 

AW I X 1 li, P L©5tttlC|pl^-3T!!Sftrsn*. CCD;! St: -A 

w 1 x 1 ic*4jts-r*#Bat-A^jsa*f$ti^HsaMwi i±, sk^pl 

(DfflOiSfcH^SftTU* (H9#Jf9). jl'JJIlf— AW I X3lt t77 
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st-Aw 1x2, w 1 x 4€-ji/u7-yws T<Dmwizmi&znrzm3 

1x.mW 14 6c !C>PtUTSiSlcBBSrf^-^ o -|ijf|t:-AW I X 2 <D*:3&<Dm&mL 
It, i£f£ft^P L<Dftiiij±T;l'Jilt:-AW I x 1 OB3t<OSifi»<i:^*-r«5 
o COflJJItf-AW I X 2 [C^-r-5#Bse-A^Ba*t$n-5@^:iaMw2 li 

, &mit¥%kp \-<D&mizmfeztiT\,\z> (H9*jgi). aystr-Aw 

/L^IISt-AW I X 3<7)ftS&<D!£:Sa&££M-r<5o dO;I"JS If- A W I X 4 

fc*tjt5-r*^bf-A*jjsa*r$n*^Bi^(oa^ai*, 7=74 b&ajmA 

L G(£><|iJ®(c:Hj£<*ttTU<&, 

£/c, : FM2 4Wyli, fftmttl 4 4lCffilJTIf««8-CH3E*tlT*3y 
. ^i/Uf-yWST0^2S»fS1 4 6 b|CMICY$A:frp5]<D;J|iJJ|£'-A 
Wl Y1, W I Y2^BB^-T^ 0 Cin^<D;lJjft tf-AW I Y 1 % W I Y 2 It. 
&&it¥3kP \-(Dm^XS7 7-( ^> h&tti^A LG<Dfe&*>t>$:]feJ&Y%to\Z 
|llUT;£;&>tf*fctf)ft{&£ii<5o Cftt><£>;0"JSt:-AW I Y K W I Y 2 fC*t/£ 
T&#i8lf-A;&*M«*£n<5*l^tf>@3£^li, mtft^ P LOfltlSMcHS 

±SS30(DT^lt2 4 Wx,, 24Wx 2 . 2 4 W y <£>M'Hit(i, xfrj 

5 2^r/cn^^UT^§y^i^g5 o [cm$a$n-5cte»iz/j:oT^-5 ( 

Ell 7#B8) 0 7f-y»IHgS5 2Tli, ^ti-2 4Wyfl)lSe-AW I 
Y K W I Y 2 {Cck^H-jl'JfitO^^fiilZSo'UT^X/NX-^-vWS TOYfi 

*7t, ^7-y«iMg5 2m 4Wx, ©n»jfflx 1 
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ws ToxfiM^mas-r-s, 

X= {(X 1 / I s i n 6 , | ) 

- (X2/| s I nfl 2 |)}/2 " (3 3) 

d(Di§£\ |sin0,| = |sin0 2 |=sin0 ifclt^^'C. 
X= (X1-X2) / (2s infl) ••■(33') 
IZcfcU 5i/U7-yWS T(DXj^#<ag£3£&3C<£:#'-e^<S>o 

^-ix*IJ^l^g5 2TIJ, ^5tB#|CliT>*ft 2 4 Wx,, 2 4 W x 2 ^ biSi^ft 
*F^P LCDTtlilCl^ltT^^^n-SiySt'-AW I X K W I X 2 |C«fc*tt3» 
ffl^ffl^T, ±5C (3 3') [Cj:y ^I/Uj-yWS T CD X fig£|t J1J 
7^-r> > KB^lZli^F^It 2 4Wx,, 24Wx ! *b77'f/> hft^A L 
G(D^£±i4"^lC[Rl(tT^*f^n-5;IiJRt:-AW 1X3, W I X 4 Ic <fc-5W-»Jffl 
±5£ (3 3') IzJcU^x/xx^-vWS TOX^g^mai-r^J: 

'So 

iS<tOBi$OffljS(CieHt-*t^^*7'ry^KM*««-r*c:<l:A«SI*UU„ 

aiJStf-AW I X K W I X 2, I Y 1 (XliW I Y 2) CDT 

^XIi±^-{C^J<^;|iJSt'-A^BS*tUT> OlAX7-yWST(Olf7f>^ 
, p-ij >^£ft;lU CtllcSo'UT, ±TltU^tl§^x/Uf-yWS 
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±(C|£ttt>ft£:— ttCDiaifiTOM 4 8 A, 148Bt, Cft *><D&l&%m 1 4 
8 A. 14 8 B lCcfcoT(IU£7k¥lc3:*#£ft;t7k¥l5l 5 0 ZmZHm? 
I/-A1 5 2±[C^S$nTCN-5o 7K¥^1 5 0ICI1 **gPlCF/fj£ff^* 

|2©/t7U^U>!7ii1 3 4 11 HUli&UfcffS 1 tf)/^UJKJ >^ii1 
3 2 £|5]^[CUT*IJ&£ft-C(,N<5o ^teto^, C(D^2 0/t7l/;MJ ><?%m 

i 3 4d rwt7is-Ai 5 2<D±izmm^n. 'p&fluzm&kw-mi 500 
ma tiz&nuzmnfimi&zftfc^m&iEsXMmcDm 2 o^-xgutt 1 5 

4£. i^2(D^-7OTl 5 4il/5 1 ^^7f-yR S T t^Mf^(0=L— A* 

-■ tf;uvg-r> h^-^n-e'ti^uTS*s-r^ 6^<owm^imt£m2<Dny k 1 

7 9,-1 79,^ =&^2(^n^ Kicig:(te)ti^^lg2(DP ^ K^#^$1± 
*£5 2(0tt*B«Mt1 9 5,- 1 9 5 6 (09T{iHl7Ft±lf\ 01 7 #Ra) <t£W 
ITl^. K1 7 9,~1 7 9 6 tUTIt fuMUTtlSl OHy K7 

8, £l^<Z)*I/&Ot>(D;5SfflU£>tt. IS 2 (DfaHMfg 1 9 5 ,~ 1 9 5 6 £UT 

2(DP7K 1 7 9,- 1 7 9 6 Ottl^tHZlt, -ttl-^tKDft 2 1 9 

5,- 1 9 5 6 ^^1--5>>^7 h^E-^J&^ZL- y h(0««l^lL- y MC*i 
-r^^iftK^^tlit--S)7tv-;U^^^fflCN7c'J _7l>3-y 9 5 7 ~ 9 5 , 2 & 

U-TX>=l-y 9 5 7 ~9 5, 2 (Otb^(i±fiJS0^S5 0 fC«*S<*tt<S «fc 5 
iCfcoTfelK Ctlb<DU-7X>Zi-^9 5 7 ~9 5 n (Ditit>lzmzSl\Ts 
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£ 2 OftfMtfl 1 9 5,~1 9 5 6 *i, SfrJffilgM 5 0 IC<fc U , X^-v$iJ^^ 
15 2 £^UTfrJ$P£n<5efce>ICteoTO£ (0 1 7#K?)o 

it-IlBU^^X^-^R S T(DX YffifliOitLWl*. F^7U-A1 5 2 (D?k 
^FIS 1 5 0 (CS^^tl/c 3 "DOT&sY 2 4Rx,, 2 4 R x 2% 24Ry ({B U 
. HI 9 iCfcUTIiiffiS^illJCOT^it 2 4 R y (i|H^1±-r\ EI1 70M) iCcfco 
T&i^^P L(D^<DtfJJ®|Z@^£tt£:@^M r,, M r 2 , M r 3 (jIU 
. tSMfltlOBUtfltM r 3 liS^-drT) €I?tlT. tfiJAtfO. 5-1 nm 

(^^M^-r^ai^n^cte* ictSotu^o *7t, cne><p=F;£ft2 4 r x ,, 

2 4 R x 2 , 24R y OfHIlHit (Cg^UT, HUizEi: [5]«||Z UT, X^-^^J^l 
OWtti^nTtU^^v'UX^-^R S T<DX. Y % a z :75[a]tfMiB1t$6fi. ZK*r 

€ s ?t l x ffij m m m ~h it ic £ u v - ^ & m £ ^ e> iC t ^ -r * > h > it 

3 2 1 0 3 0^&Sg&tfCft[CttJ&1-3*ll^sfSfS5, 7 2 1, 6 0 5ffti' 

©SUtttt, ±$JI8il5 Olc{*y&£ft<5cfc?lC7S:^TU& (13 1 7#bs) d 
> h&iti^A L G <h lTI/-1fM^iA±^7-^ i: 

&3t<Dnft\Z&^l,\T:# t =F-?-£ (DitLmZfeft-fZ L I A (Laser 
Interferometric Alignment ) :fr^<27^ ^ > h^Vt^&elf^fflUTfc&U 
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miz. jfti23te¥*p L<ommizits 7*-t>*-t>y-7 3 (73a. 73b 
) #Kij&nfcy, c(075j--^xiz>-y-7 3oai^ii. xt-xM15 

^-k>-y-7 3<Dili^lC»^CNT. »K*^5RP LlC*fr^^X/\W^)Z, 0x 
(f'7t-^Ai) &tf0x|n|& (tTy^V^'s) StfflylHllE (P- U 

mm<D&£M&i&w&ft&frt>j£2>7*-*x-k>y--\ 73 cun 7#bs) # 

ftJSP^g 5 2 Tli, CCD7^-^X-tz>it 1 7 3<DaJ2llCS^T> 

L|C*tf--5U^^;UR(DZ, ax, a y:*|p]<E>tB*MiEg, mteiflicii, U 
^;UR<DA°*->McDZteg (f7^-^7l) &Z>*0x|e]iE (e>;f>^ 

tt£igifj-f<51EIfj^lCfc(;J-3 6 gfij£73|iS] (X, Y, Z, 9x, 0y, 0z) 

• jg»«r»jai-r*i«^oflia(c^0NTSiiwr«5. 

ibgPfct T £ % WMWlfc S £ „ H^ffilJgPW R M 1 &OT|j!|fllJ8P» R M 2 
»lhffi*t T©6^A, ( i = 1 ~ 6 ) iWft S CD 6 «£ B i ( i =1 — 6 ) £ 

&m&<*m*jnten y m r d, (i=i~6) £&mm-?z> 0 cic:t\ 6,* a, 
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(i=i~6) r*[5i-5F®±rc*y, tnbo+fo&wi&ot u 6^a,£ 

Bi (i=1~6) ¥-m±\Z$>V % tn^O^^PiU 

, §Q7 KRD, OfaijiSli, 3-P y H R D , © RTHIlffllJgPtt RM2 A , £ * B , 
*HS&ff$HTfi, Ell 2©(E»|&ICi3l\T» X, Y, Z s flx, 9y ( flz 

fte*^, tSIE»J^S^)6 SSJg^|6]X. Y, Z, fix, fly, flzlZWT 
ZitLW ■ mm (X, Y, Z, fl x, fly. flz) &tfj!Jg (dX/dt, d Y 
/dt, dZ/dt, dflx/dt, dfly/dt, dflz/dt) (Oijlftffi 
#feg • mmn^3 0 6&£ftgjgfg:£gfl3 0 4(Pl5J»Hif<hLTf£3££ft<5<h 
£<blz. PtiMtotiLW ■ <gm<D#m<DZiisb<Dmmm (d 2 X/dt 2 , d ! Y/dt 
2 . d 2 Z/dt 2 , d 2 flx/dt 2 . d ! fly/dt ! , d 2 9 z / d t 2 ) (D^Iflii 

^*pjSSK^«p 3 o 2 icis^tt^o «f/t^«a»nt!a!s:^***T(i, 
jpjsftia^sp 3 o 2<D&t)miLUTm*^mtstiz>o ztuzmux. ssftias 
gP3 o 4 icourii, jpiijgis^P 3 o 2<Dmmm.m<Dmftm£V}mm£<D%i 
^(omzmommtfteztis fam ■ mm&m^s o 6 izz>i\t it, mm 

iu±(DJ:r>icuTis^:$nyc:. =&B#^ic*3[t^J!)P^^s:g[i3 o 2<£>jjp3$jg 
asis* jss»j£8P3 o 4<Dmmmmms stfftg • mmn^3 o 6ofii 

•sS»»SMtt(i, i£ift^^f»^fgP3 0 8lcA*U BiriEUjfc 3 S fijg<Di§i%<h 

^3 ^mm<Dm^tmmizux. ^iei*^so6 ia^mi • &»<&«8 
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T(D6 & mi£7jfa<DmW • £**JfB<7>«mc-3l\T\ B1 3-0 1 6(C»oH\ 

^.UWrnm 5 OTU 0iJA(;£. SSKPttlffliMSl 9 4,- 1 9 4 6 £:f>UTff5 
lOPyh'1 7 8,- 1 7 8 6 £#*S$iJ®lU ^Py M 7 8,- 1 7 8 6 £IH 1 

-5c<tlcJ:U, ^iyux-yWS T£S£g|!L 1 £{J^S^IrJT&«5 X«i^ 
ipllCi^ift^i+SCi^T'^So CtlilHJltlCbT, m 1 (DWmmm 1 9 4,- 

i 9 4 6 ^bt^i copy K 1 7 8,- 1 7 8 6 £ii:t#$iSfSiJBp-rsc<hU:J; 

So 

±flJ^l^S5 0m 0fl*tf> I&1 CQf*IS*5Mi1 9 4,- 1 9 4 s ^ 
L/ti 1 CD P y K 1 7 8,- 1 7 8 6 £#*gftJffilU IP7K 1 7 8,- 1 7 8, 

£m 1 4^icii^T^^n^^^e,^ffiiiT^^n^^(c^<b^-t±^ci 

^JgT££CDT\ -JlA^r-yWS TOD±TiAlCctiJ=F^H-;IiJSe-A^J§: 

±$iJ^l^g5 0T(i. WAtf, S&1CD#*8«8«1 9 4,- 1 9 4 E ^ 
UTffi 1 COP y K 1 7 8,- 1 7 8 6 ^{*$i^JSPL, iP7h'1 7 8,- 1 7 8 6 

iz<ty, 5i/\77-yws T^^-coa^^ii^ YiiijiHiy iza'M5Jg<*>, 

iHliE^-ti^Ci^T^^ CttlCcfcU 5l/\7j-yWS TCD0 y 0$n (P-'J 
>^m) ©MS&;&*nIfli<!:&£. Ctl«h PltSfc IT, $ 1 OffilltiM* 1 94,- 
1 9 4 6 £^LT* 1 CDP s/ H 1 7 8,- 1 7 8 6 &mE.<*ffi$mTZ>Z£lZ<k 
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V % 2x/\Xt=— xWS T(Dd xIhIK (tfu/5 1 >^») (DMWitfmttteZo 

±M®giW5 0TI4. WAtf* IS 1 OftlftMt 1 9 4,- 1 9 4 6 ^ 
IsTm 1 © P y H 1 7 8,- 1 7 8 6 &#flg£J3lU K 1 7 8,- 1 7 8 6 

£@ i 6 ^icii^T^sn^m^e^^T^^n^^ic^k^-ar^cii 

Hl^^-tt-SCi^T^, CtlfZcfcU -^I/Uf-yWS T(£>0 z |h]$5 (3--f 

±IE<tl5|«[C, £M»«|5 0m ffS2<7M**S«llSt1 9 5,- 1 9 5 t ^ 
UTlf!2<DA^U;HJ >OWm^ 3 4(D6*©i2(DP7 K 1 7 9,- 1 7 9 6 
£M#^£1±<5 Cilery, W^7f-yRS T(D6 gSJg^[S]0<iES 

^*Udc5±ftJSP£m5 0M^f-y»15 2£*,k<hUTm/&$ftTtN 

-So 

±ja©cfc5icuT«fiR*tifc*naiJBjii<DiS3tMi 3 0 \z.i&vz>m 

G^ffll\fc^IAW077^ >7^4*> V (EGA (l>A>7h^n- 
AJU • ;*> h) If) #»7U ^x/\W±(Dtt»©->a y KfiS«©iE5iJ 
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$1 <nn=?\/)\,v>$mm^ 3 2&mf$.T%w>i <D<*%femmi 9 4,~i 9 4 6 
zmmt z> c: t iccfc y ftfrnzo 

*«M*1 3 4 2 1 9 5,- 1 9 5 6 iCtt UsuM L/bf&B 

Mffl&'nlK JB2<0P^K 1 7 9,- 1 7 9 5 $#MSllTL/^JU7-y 
RST^iU L^f^^R^Y^[fi](D^!lSAlC^t§. |5]*i[C, 
$Pi£g5 OTIi, 7r-viS0gI5 2A^'J7M'fAT"«|g$n5'5x/\ 

mux. *T-i>®mgiW5 2 zftisTm 1 ©/t^ujuu >&mm 1 32^1 

fiJc-TS^i <o#*B««i 94,- 1 9 4 6 fcttLMifcUfcteflSijai^m^ §f?i 

<DP7H 1 7 8,- 1 7 8 6 $#ffi$iJill/T^IA7f-yWST^i)b, O 
fit, ±*J»gl5 0m Xf-^SI5 2^6'J7M^fAT^ 

^tl132, 134£»PUT* L/f ^f-yR S Ti^I/Uf-y 
tilMJgl 3 2, 1 3 4&"£tl"etimi$.-fZ>&6*<DWi I ^P^HI 78. m2(D 
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Xf-yWST€x^|fiilCya7 h^(D-5iJ^'lt7f7 b?>^£t!\ 
T<tiS^[S]lCOX/\7>7^- STi U^^^UX^- v R S T i^^SLT, 

*<0*QSSfilCS:^T;*^-^ffl»?M5 2 [Ccfcy/^UJU'J >^«*1 3 2 
3§& 1 1 9 4,- 1 9 4 6 J0*«|»3tU m 1 CTJP «;/ K 1 78 

,— 1 7 8 6 WfaffiM'fflZnT, Ol/Ur-yWSTOZ, 0x. 5y(D3g 

o -^-^Pil^ics^oTx^-v^j^i^igs 2 icj;ij/\ 0 ^u;uu >?mm i 3 

4 2 <0{#««|*1 9 5,- 1 9 5 6 #»J»£*U »2<0PyHl 7 

9,- 1 7 9 6 ^#^$lJ^l$tlT, ^^^f-yWST^Z, 0x, 0 y <D 
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its 0 [Ccfcij^-^-^jfiJ^ss 2 ^UTfrasn^if! 1 <d/\°^u;uu > 
3 2&mm-fz>m'\ 1 94,-1 9 4 6 uy^i ©p y k 

1 7 8,- 1 7 8 6 ^r^itUT^IS^-a-^CilCcty. ^I/Uj-yWST© 
6ifijt^[R] (X, Y, Z, 0x, fly, az^Iol) (DOlM Wl 

Xx-yWST±l:z • 3^M/hiE»^ill?£l&tt3&^*>£:<, ^<D#£x/\ 
*£«§fl£B<Z)BttgB 1 3 0lcJ:<5<!:. ±W§f 5 OlctUXf- 

ass 2 1 95,-1 9 5 6 (cty^ony k 1 79,-1 7 9 6 

3lL/T#lfi$ti:*c:<!:lcJ:y, W^7f-yRST©6§at^|pi (X, 
Y. Z, fix, 9y, 0z*|r|) 0&B • »ftt#ttft<* ffiUMtt 

T% mjgBKfxpcii^T^&o C(7)i§£\ W;^f-yRST^7L/ 
;U'J>^^1 3 4 [ZcfcUigRl-r^^T-, W^Xf-yR S T^ig»-r-5 
U— Tt-^W^lglft^a^U^^^^-vR S T£3^:^$-r£X-7 i -:x'<- 
X ^^i/cC^o W^f-yRST± 
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&rz. *nmmm<Dmxmw i 30m m^iPL^ &&mm o 

4 0, 1 4 2, 1 4 4) |CcfcoTl£^ft£Sg1 3 0#'IBg£tt<5jfc® F D±T 

ti\ ±lEW)x/\X7—yWS T» U^JU;*-^— yWS TO 6 g fijg/t [£]<£> 
fig • ajftMW^fTdctJc^y* tSJRWlc, Ci/\Xf-yWS T 

w) ©«jg3t^p ucarr* 6 aaffi^ifii©ffi**tt«o»jffl, s^u^^u 

7-/WST, UTZ)\,*t— yWS T(cttUTfiWi(cWl/T8tffcUfc»WJ£ 
Ml 4 4X(4«l&3fe¥*P LlcH3t*J*Snfc^x/\U— Jf^aWi-^^^A ( 
2 4Wx,, 2 4Wx, 2 4 Wy) S^7^--^X-k>1t7 3 [Zj:oT. SuIB 

&fc. ^mmmm-cit. mi<Di*mmmi 94,-1 9 4 6 , a^»2o#ts 

tifctill 9 5,-1 95,11 4gSICifi^J(CieM$tl^X7i>'J >#ti/*7 h^E 
-^££Wr£C<»:i^e>, Uy'J >^cD^J±^lCcty 5i/U7-yWS 
T&tKl/^^UX-^-vR S T^*i<^^<IEW)f -gxh^fclC, ->t7 h^- 
*lc£y«K^I!l3tt3c<h;0*T^ £x/\;*^- yW S T&tf 
7-vRS TO 6 aSfi^|fijcOtft« • &&<0ftiak M7f-y<hm^ 

7 8,-1 7 8 6l ^2(0P7H 1 7 9,- 1 7 9 6 H v ^ 7 h^E-^ O Rlgj^ 
^i^lcWLT^ttT^t^l/Ay^tl/TO-SCi^e, mi O 
□ 7 K 1 7 8,- 1 7 8 6 , 352<0Py F 1 7 9,- 1 7 9 6 0#tlg£ffltSfilttl£ 
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o 

z\£tfxgZ> 0 co J; e> ICT^i, «77-yWST ( R STC'M< <t*>— 
v 'J >y<D£JE£HiiJi8]-f 3 C <fc IC <fc U ftJB&fiib&ffilji-r* <!: £: & lc -> 7 h 
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/Ux-yWST, WMf-yRS T©Mfb;&tfffiff®Jffll14<B|D|±# 

(Dlf^^, H e^l^^^SHlM+CfcltH F 2 U— \ (id ft 
fcfc* ±lEf& 2 (DHateJfcftgTfi, 5lA7j-yWST, U-^Jk^-v 

r s t<05r^<d6 &sfi^ipj<&ftB • mmftrnz/^isjisV >&mm&m^x 
'u o ico i \T!&^ u 7t #\ m§ # c ft ic mm $ ft & o c t it® an-c ; & & 

o tf"Jx.(i\ S T\ l/f^;i/7f-yRSTO-^|:oi\t(D 

TX, Y, 0 z^lSHClEIfjU *^-v±(ClS:l7t>ft£:Z • U^'J >#W£\Z. 

ftl*. ZOm^lZU. OlAXx-yWST, Uf^^XT-yRSTO'M 

±IESg2H«S^«gT(i» Jft»tt¥*P (14 0, 142 

.144) CioT^I F D±T@££&$ft3if^(C:2l\Tlfeiy3U;t#\ c 
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<tpic-r€xt, &&??t¥&p Lommmmzmux. &nyFizmt*>tiitw 
mmmz&±nzMfflT2>z.tiz&<>j. mmizmmmmtf-eg, -^(owmmmo) 
%Tikit. &<*mmmiz<i:v&ny wmzzmft-tniz; &mttt¥%k&pm 
<oi±mizpnm(Dmmttj:^^vizm^urc^mr^t^z\t^^. ^<o\ik 
te&*T-vm<D®.m ■ 'gmz®mT%z\£izj:v. ^^-^t^myt^m 
£<D'PU< &&m*fo<Dmttiii.m$:mm-tz>£viz-fm£R^o z\om 
&<Di*mmmits m&ufc&fammmtmmiz. uyuvmiti^c 

i7-> 'J >#(D\*iffl1±Ji<DmMlz£ V ®m\z'ri? ct^So 

-r^ifi 1 <dv >&mm 1 3 2(D^-^gu« 1 3 6 ut^^t-vr s t 

<D4tLW • ^^ra^-^>^ 2(D'J>^iI1 3 4 (D^-XgPtt 1 5 4 £#B'JHP 

$>^>t, ■&mn[z%z>mJt%kW.\z~mmxzz>rt^\s)\>v v^mti^cnicus^ 

JU±tfcf!EU7t, ±iE^HSIiff$S(D^^g(i, *MWiS^OlEia (claims) 
[C^lf e,nfe#^^^ (elements) £#tf=&ifI-y-7 >X^A£, F/t££>$£M 
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&mf&-rz>izit><Dmm. ^mmnmz-D^xitmnmmm^mm-t^ratKDm 
^(omytmm i^TynuE) \z*bftmizmmxzz><b<Dx$>z> 0 mizitxT 

n m-^| 1 8 0 n mO*^^fi|5lCSf-^7t, F 2 U— ifft, Kr 2 U — tf ^t. 
A r 2 U-1f7t, A r F X*-> V I/— tf l^i^lCO^Tl&W U7t^ 

h KrFI+y7l/-m &3lMiiP0^fiU — !f^Y AG 

e>n§^ df b tfxii? 7 -r ^-is—tffrb&mznzifctm. 

^m^xn^itiz : M^mufzmm^m^x%^\o 

M— : ,&m:i'-if(Dmn : ,&m:Z: i . 5 1 ~ i . 59 urrxDmrnfttT 
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m±&*ktfi1 89-1 9 9 nm0|&HrtT&£8fgffiiHifc. 
Ml 51-1 59 nm(DiBirtT*5 1 0 fSSHsft^ai^Sn*. ^fcflig 
;&fi£l. 5 4 4— 1. 5 5 3 nm<Dmmft£:? 5<h, fg£;£S# 1 9 3- 1 
9 4 n m<DiEfflF*3(D8fgi§fra. HP'S A r FI+y V U— VittmZm— 

ttazmwt&mzns &m : &&& i . 57-1. 5 8Mm<£>SBBi*i<h-f 

, #g£;j£fi#'1 5 7- 1 5 8 n mOmmftO 1 0 fgi^IM, F 2 U — tf 3t 

£j£&£&1. 0 3-1. 1 2 n™<Dmmftt-fZ>£, fg£i&Rj&«l 
4 7- 1 6 0 n mWlQirtT*^ 7 f£i^H;J»aJ2J £*V *#ICfgii;j£||£ 1 . 
0 9 9- 1. 1 0 6 ixmCDWmftft 1 5 7-1 5 8jumtf) 

COfli, M5~50nm(0EUV (Extreme Ul traviolet) 3t*R5tffllS 

*7t, ^sjw**^^© T^n^/w^w-cfc^ tftm%^m. EUV 

*!E¥-r§iS3tsi«(ct>*fiM*aafflT?€?*. cct\ duv (a^ao 
vuv (jt^aiflo ftiz£&m^znitmm^\*—tiLto\zmmm\s?-9)wm 
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->£«5y*9x/\±fc|£:rr*R7t£«» atfiMfcig^ (CCD/if) 

il 8lc(i, t-VWX (I C^LS liOM^-yX j$H/t*;k cc 

2 0 2 (77^i^77^) [cfctNT, I£ftU;t@S&/^->£7T^U7t V 
777^2 0 4 (^IAil777^) ICfcOT, X77^20 1~ 
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X/\£m\T-r ; /WX3!l3l£fT?o C(DXt7^2 0 5 \Zlts ^->>^X?I 
«SfelC, 7x7^2 0 6 OfcX^y^) KfelxT, XTy Zf 2 0 5 ~CWm 

fc(,NTIi^X/\a®lC^M^ff$^r^o 7f 7^2 1 3 (W^^^^^^y 

) \zt5i,\TizvnL/\±iznm&mmiz£z>TBi%tz>o xf7^2 1 4 
<fce>icur^Msxfi^^T$n^ 0 ccD&MJixfrm, £-f\ 7x7^2 

1 5 (Ui^X hff^X^^y) (ZfcOT, ^X/Mz^tftJ^^fi-r^o 

7f*^2 1 6 (S3fe7f7^) ICfcOT, ±TSHWLfcBftg«1 OX 
lii 3 0^fflut7X^ (l/f^U) oiElS§/\°^->^Ox/\iz^^-r^ 0 

|C, 7T7^2 1 7 (ilftX^^^) ICfcONTI2Mft£tt££X/\£ljMtL. 

5rJU^ofiu^a)SsajBP«*xy^>^ic«fcy5iy**„ fit, 7x7^21 
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m * <d 1b m 

& □ y K <t ; 

h<IIS#p>> Klc^ltetx. iiglEffli figRW<hBUie^2$iM<!:^Ht[IE$ft^i6] 
iiilSEttl6«H*#. HuiEffc 1 JkUm 2 f4gP«<Z)-^[C-<*WlciS{te>nAc:Rm 

isv>y&w.iz^vz.£Zftm£i-z/^i'ji>*j >^Mt„ 
3 . m&<D/^->&mm±izmw-fz>mytmwr$>-DT. 
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4 . IS^II 3 icSEMtoltftgaicfcUT. 

IE*^X^-v<h^il^-r^^/ci:<<!: ! b3*^#ISpTt^mi <DUy K<fc. Aft 

6 . Ii^H5 lCiEHc(Ditfti£glC;fcl\T\ 
HtHE/\°^U;Uij>^^«(i, HulEmi cdp^ K^6*tU ii-FlE3-f& i n 

7 . I»*IS5 icIEttcD^ft^glzfc^T, 

8 . If 5 (ClEMcOflft^gldfclxT, 

w-r ^ c <t <t f <s m%mm.o 

9. K^3I8 iClEK^SS^SlCfcUT, 
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1 1. «3jcil1 0 iclEtKOHS^SICfcOT, 
fulEA^U^'J mjfEfE 2(^)P7 K £ 6 $f L 4 itu!E#!fl 2 <£> □ 

1 2. w^in oiciEt)6<D^^aicfct\T; 

So 

1 3. f»3£ll1 2 [ClEtJc^Hft^SlCfc^T, 

mTIEIfiK IS 2 (DP y K<D'>&< iuiEm^2i u =7 : E-*<D^J 

1 4. fi^in 3 iClEKcO^^glCfclNT. 
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^iOffiS^SOPS^ fifties? <h £ [z, jtuIE«?l*i 'J zjt-^ in 
1 8. if^Jll 0 \ZMZM(Dm?ttgiWlZtel\T, 

1 9. 0 (ClEtt^ISftigglCfcOT, 
ttffi £ M icffl 3 c <h * <t f * »3t ^io 

2 0 . 1 0 lclEK©»^Mlz*3t\T, 
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2 1 . IS^JI2 0 iCietKOH^SlZfcUT. 
2 2 . fi^II 2 0 [ClBttCO^^miCfc^T. 

2 3 . 3 lC|£K(DlS7t^g[CfcOTs 



2 5 . »3£II 2 4 iClEK^H^aiCfctxT, 
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2 6 . n&TM 3 izizmnmytgiWiz&^T. 

2 7 . it 3<ii 2 6 \zmm(Dmitmm\z£n,\T. 

mm 1 <D^T->"^-7.titm&-fz>'j>u< t*> 3*<D<*%f$mzt£m i on y 

2 8 . IS3RII 2 7 ICie«<D^^aiCfct\T, 

2 9 . »*3S 2 7 iClEKO^^SlCfctNT, 

3 0 . W^II 2 9 (ClSK^S^SlCfctNT, 
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3 1 . II*H2 9 lcK«©B3fciKfiU:fci\-c\ 

3 2 . mmn 2 9 izmmomyt^miz^x. 

3 3. fft*il3 1 MiEKcoSftigglcfcOT, 
&B3£ittBo 

3 4 . 11*11 3 3 IClStEcDltftigglCfcOT, 

fctJffl^S^-li. ^ISIg2(D^^-v^-X[c@S:$tiTtN^Ci:^4#^<t-r 
3 5 . if *JI 3 2 iCiEttcDfSftigBlCfcUT, 
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ISIff 2 07t- V<-X <fc£jt|g-r *5l>&< £ t> 3 *©#ttnm&* 2(DP7 

3 6 . 3 5 lCffi«(OII3tSI«lC*3l\Ts 

S&E/^UJUU >*«MWi» I^3CD^-Xgp«ct> R*5 3 lfl 
C»»^*<t*aiS«^< < »:t>3*o#IBRri!i«:«3(DP*> K<b, iuIS 

3 7 . IRgHI 3 6 lCEK©»3t««(C*3l\T, 
3 8 . 853*31 3 6 IdiEKOgftgMlcfclNT, 

3 9 . mmW 3 5 (Ciet!c(7)IS^S[C*3tNT, 

lo 

4 0 . IS^JS 3 9 \zmM(Dmyt'3iWlZ&^T. 



95 



WO 01/22480 



PCT/JP99/05102 



4 2 . Ii3^JI4 1 lCKK(DB3fcgfilCfcl\T . 
4 3 . 4 0 lClBtK(DM^glCfcCNT. 

4 4 . w^ii 3 9 izizmomtttgiWizts^T. 
j3£ffitz&§$ft¥&t<Dmttfaw<Dm&&mMiz'no££'biz. mznmtiv 

-7*-*&mi\XMWi<DmM&ftvMWmW&mizffiZ&z\£&W&i£-f2> 
4 5 . 3 9 iClStlcCDigftigBlCjfc^T. 

s?r8Era^u-7't-^<o«0tE»j!aic«fcyKJBafi»**fea-r'5*jiaiM 
^Micfii^sci^^i-r-ss^Bc 

4 6 . W3RII3 2 lClEK(^IS^g[C*3UT, 

^nTtN^ci^^i-r^^^Bo 

4 7. W^cflS3lclBKO||3t«BfC*3UTs 



96 



WO 01/22480 



PCT/JP99/05102 



5 0 . ff^H4 9 \Zftm<DmftgiW\Z£>l\T. 

m%ZT^>j^\z^ : ^fi^n-i>t^rci^<DM^m%^t%wm^t 

5 1 . tf*lI3 2 iClEtE<DSSftgglC*5l,NT\ 
3 HulEfg 1 <DX^-x^-X^-gRi-r^)^3^«t, huIEU 1 

n£mm?ZT*>^&mizffiz%z£Zftm£T2>mftgiWa 
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52. ti3*ii5 i izumomytgiWizte^T. 

5 3. ^*£(D/**->&mix±izm^?zmftmw<Dmmjjm-?$>-DT. 
mz^**<Drt*->*mmz&&*&&&it^&&m.?%jim£ ; 

tfm^mwL7,T-i?<D'i>t£<£^-i5&3[.tt-$-z>n : y\/)\,y) yzmmzmm-? 

5 4. ^*?o/*?->zmm±\z$zWT%mxmw(Dmm*mT~$>^T. 

m^^^o/^->^m^mmiz^mr^myt^m^mmr^xmt 

mz^*?*T-i>$:W>W)^m\z&tt?2>m 1 (D^-v^-x&m*? & 

mtzmm*T-is&&m^miz%&t%t£2<DXT-i;^-x%m&?%j: 
mt ; 
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5 5. U V^7*lS£^tf^/W*<0«jt^arC*o-C\ 
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Fig. 1 
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Fig. 2 
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F i g. 3 
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F i g. 4 
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Fig. 5 
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DESCRIPTION 



PARALLEL LINK MECHANISM, EXPOSURE APPARATUS 
AND ITS MAKING METHOD, AND METHOD OF 
MANUFACTURING DEVICE 

TECHNICAL FIELD 

The present invention relates to a parallel link 
mechanism, an exposure apparatus and its making method, 
and a method of manufacturing a device and, more 
specifically, to a parallel link mechanism, a kind of 
mechanism, to employ at least three expandable rods and 
control the position/attitude of a movable object, an 
exposure apparatus employing the parallel link mechanism 
to control the attitude of at least one of a mask and a 
substrate and its making method, and a method of 
manufacturing a micro device (electronic device) by using 
the exposure apparatus . 

BACKGROUND ART 

In a lithography process for manufacturing a 
semiconductor element, liquid crystal display element, or 
the like, an exposure apparatus has been used. A 
reduction projection exposure apparatus (stepper), of a 
step-and-repeat method, which transfers a pattern formed 
on a mask or reticle (to be generically referred to as a 
"reticle" hereinafter) through a projection optical 
system onto a plurality of shot areas on a substrate such 
as a wafer or glass plate (to be referred to as a "wafer" 



hereinafter) in turn, and a moving-one-by-one type 
projection exposure apparatus (to be referred to as a 
"stepper" hereinafter as needed) such as a scanning 
projection exposure apparatus (scanning-stepper), of a 
step-and-scan method, which is obtained by improving the 
reduction projection exposure apparatus are mainly 
employed. 

Important ones of the basic factors to determine 
the performance of the stepper are the resolution ability 
(resolution) and focus depth of the projection optical 
system (projection lens) . It is because the resolution 
determines the finest pattern size that can be projected 
and imaged, i.e. the narrowest line width in practice 
(device rule) . And its focus depth has to be as wide as 
possible because a processed wafer has steps formed 
thereon by forming and etching thin layers of oxide, 
metal, etc., and may be slightly deformed. 

The resolution R and focus depth DOF of a 
projection lens is given by the following two equations 
as a general measure: 

R = kl • k/N.A. • • • (1) 

DOF = k2 • X/ (N . A. ) 2 • ■ • (2) 

Note that X, N.A. and kl, k2 respectively represent 
the wavelength of light used for exposure, the numerical 
aperture of the projection optical system, and parameters 
determined by resist, etc. 

An early stepper used a g-line [X = 436nm) of an 
ultra-high pressure mercury lamp as exposure illumination 



light; its N.A. was about 0.3, and its resolution was 
about 1.2um. As obvious in the above equation (1), the 
larger the N.A. is, the better the resolution is. With a 
larger N.A., however, the focus depth is decreased as 
obvious in the above equation (2) . 

Therefore, apparatuses for production of 16Mbit 
DRAM and apparatuses for the later have achieved high 
resolution by using i-line (X = 365nm) and a projection 
optical system of which N.A. is about 0.5, and also have 
achieved a practical focus depth. Because the i-line can 
be obtained from an ultra-high pressure mercury lamp like 
the g-line and can be used in the same way as earlier 
steppers in semiconductor manufacturing factories, the i- 
line steppers have been introduced as a production unit 
more smoothly than expected. 

After that, in the period from the third generation 
of 64Mbit DRAM to 245Mbit DRAM where their device rules 
are equal to or less than 0 . 3um, instead of the mercury 
lamp as a light source, the use of KrF excimer laser was 
examined, and the application of a phase shift reticle 
and modified illumination that can be applied by 
improving then current units was suggested. 

While a KrF excimer laser (X = 248nm) stepper uses a 
common basic body with a previous stepper using g-line or 
i-line, its optical system from the source to the 
projection optical system is different. That is, because 
using light of a shorter wavelength, usable optical 
materials are limited to quartz, fluorite, etc. In 



addition, because excimer laser light is pulse emission 
light and coherent unlike that of a mercury lamp, a 
special technology for the illumination system is 
necessary. 

Because interference fringe induced by the 
coherency of the excimer laser affects the precision of 
line width of an exposure pattern, it is necessary to 
suppress the effects of the interference fringe by 
providing a vibrating mirror in the illumination optical 
system and making a light beam fluctuate finely. In a 
stepper with a lamp as its light source, accumulated 
exposure amount can be controlled by the open/close time 
of its shutter. Meanwhile, in a laser-light-source 
stepper using pulse emission, it is necessary to set the 
number of pulses per an exposure to be equal to or more 
than a certain number (referred to as a minimum exposure- 
pulse number) to compensate for energy fluctuation. 

For 1Gbit DRAM of the future where device rules 
will be equal to or less than 0.2um, the use of ArF 
excimer laser (X = 193nm) , phase shift reticle and 
modified illumination technology is suggested. An ArF 
excimer laser stepper needs to have the optical path of 
its exposure light filled with nitrogen or the like 
because the exposure light is absorbed by oxygen. 

To obtain even higher resolution and wider focus 
depth, light source of a shorter wavelength can be used 
leaving N.A. of the projection optical system as it is. 
Recently, reduction projection lithography using F 2 (A. = 



157nm) laser having a shorter wavelength than ArF excimer 
laser as its light source is presented by MIT Lincoln 
Lab., and is attracting a lot of attention. Because F 2 
laser light is absorbed by oxygen like ArF excimer laser 
5 light, exposure needs to be performed in the atmosphere 

of N 2 or He. 

Furthermore, to improve the precision of an 
exposure apparatus using light source of such a short 
wavelength, the precision of positioning of a reticle 
10 stage and wafer stage needs to be improved, and it is 
also necessary to suppress vibrations of units due to 
reaction caused by the drive of the stages as movable 
objects as much as possible and insulate floor vibrations 
Therefore, to realize highly precise exposure using 
15 such a short-wavelength light source as F 2 laser, it is 
necessary to control positioning, and suppressing or 
insulating vibrations more precisely than ever. 

For example, as factors reguired of a scanning 
stepper that transfers the reticle pattern onto a 
20 plurality of shot areas on the wafer in turn according to 
a step-and-scan method by repeating a scanning exposure 
operation, in which a reticle pattern is transferred onto 
the wafer synchronously moving the reticle stage holding 
the reticle and the wafer stage holding the wafer in one 
25 dimensional direction, and a stepping-between-shots 

operation of the wafer stage, there are the following 
things: [1] The driving reactions of the stages do not 
transmit to the frame supporting the projection optical 



system; [2] It is easy to adjust relative position and 
attitude between each of the stages and the projection 
optical system; [3] The driving thrust and driving 
reaction are reduced by making the stages lightweight; 
[4] It is so structured that floor vibrations are 
prevented from transmitting to the stages and the 
projection optical system; [5] It is so structured that 
the stages and the projection optical system can be 
easily separated. [1] to [4] are reguired to realize 
precise exposure of a fine pattern, and [5] is required 
to improve easiness of its maintenance and reduce its 
down-time so that the productivity of a micro device is 
improved. 

Also, there is a double wafer-stage scheme for 
realizing the high throughput where two wafer stages are 
mounted on the level block; while a wafer stage is 
performing exposure, the other performs alignment or the 
like and the two operations are alternately and 
continuously performed. Furthermore, a multi-exposure 
method such as a double exposure method where using two 
reticle stages each holding a reticle having a pattern 
different from the other formed thereon, those patterns 
are transferred in turn is effective for higher 
integration of semiconductor devices because it is 
possible to improve the resolution and focus depth. Note 
that to achieve a desirable effect in the double wafer- 
stage scheme and the multi-exposure method, the above 
factors [1] to [4] have to be satisfied as a premise, and 



that it is preferable to satisfy the above factor [5]. 

In addition, when performing exposure using light 
of a wave length shorter than or equal to F 2 laser light, 
[6] it is required that the stages, the projection 
optical system, and the like should be contained by a 
chamber so as to be enclosed in the atmosphere of N 2 or He. 

Also, in a step-and-repeat type stepper, it is 
preferable to satisfy the above factors [1] to [6], not 
to mention. 

Of the above factors [1] to [6], the factor [3] can 
be satisfied by adopting a planar motor or a cylinder- 
like linear motor as driving sources of the stages. 
Especially, when adopting the planar motor as a driving 
source of the wafer stage, the planar motor can drive the 
movable object in three degrees of freedom X, Y, 9z by one 
motor, and therefore, X guide and Y guide of X-Y two 
dimensional arrangement that were previously 
indispensable are unnecessary. And when driving the stage 
holding the wafer in one direction of X-axis and Y-axis 
directions, a motor and a guide for driving the stage in 
the other direction need not be driven along with the 
stage, and therefore, the weight of the movable portion 
can be remarkably reduced. Therefore, it is attracting a 
lot of attention as a promising driving source of the 
wafer stage of an exposure apparatus in the future. 

However, it is very difficult to satisfy the rest, 
[1], [2], [4], [5], [6], at the same time even if the 
planar motor is adopted as a driving source of the stage. 
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Meanwhile, as means of moving the movable portion 
in the six degrees of freedom regarding translation and 
rotation, a mechanism referred to as a steward-platform, 
a kind of parallel mechanism (also referred to as a 
parallel link mechanism) where a base portion and end- 
effecter are connected by a plurality of link chains each 
having more than two joints, is used in training and 
simulation of flying an air plane, and is attracting 
attention in the field of industrial robots. 

The present invention is invented under such a 
circumstance and a first purpose of the present invention 
is to provide a parallel link mechanism that can realize 
the miniaturization/lightening and the improvement of the 

output at the same time. 

Furthermore, a second purpose of the present 
invention is to provide an exposure apparatus that can 
precisely transfer a fine pattern onto a substrate and a 
method of making the exposure apparatus. 

In addition, a third purpose of the present 
invention is to provide a method of manufacturing a 
highly integrated micro-device with high productivity. 

DISCLOSURE of INVENTION 

Under the above circumstance, the inventors of the 
present invention have conducted studies to realize such 
an exposure apparatus as satisfies as many of the above 
factors [1] to [6] as possible at the same time 
regardless of whether a planar motor is adopted as a 



stage driving source or not. And as a result, they have 
reached a conclusion that the objective can be achieved 
by leaving out a body (central column) that has been used 
in the previous exposure apparatuses, supporting 
respectively the reticle stage, the wafer stage, etc., to 
be dependent, and making it possible to control their 
positions/attitudes in six degrees of freedom to meet any 
requirement. With such a conclusion and further studies, 
they have thought of applying the above mechanism to the 
exposure apparatuses. 

Then by elaborately examining the parallel 
mechanism (hereafter, referred to as a "parallel link 
mechanism"), it is found that although it can satisfy 
most of the factors, which the inventors intend, such as 
the movable portion being lightweight and having 
desirable operational-characteristics, high rigidity, and 
precision of positioning, there are some points to be 
improved because an oil cylinder is used as an active 
contrapostion in a steward-platform, representative of 
parallel mechanisms. 

According to the first aspect of the present 
invention, there is provided a parallel link mechanism 
comprising a base member; at least three expandable rods 
each including a first axis member and a second axis 
member that can relatively move in their axis direction; 
expansion mechanisms that are arranged in the respective 
rods and expand/contract the respective rods each by 
relatively driving the first axis member and the second 



axis member in the axis direction, each of which 

comprises a shaft motor that comprises a cylindrical 

mover integrally arranged in one of the first axis member 

and the second axis member, and a columnar stator 

integrally arranged in the other of the first axis member 

and the second axis member, and that relatively drives 

the first axis member and the second axis member in the 

axis direction by using thrust generated by 

electromagnetic interaction between the first axis member 

and the second axis member. 

With this shaft motor, because a columnar or 

cylindrical magnet is used in its mover side or stator 

side, magnetic flux (magnetic field) is generated 

radially and in all directions, and the exposure 

apparatus can have the whole magnetic flux in all 

directions contribute to the generation of a driving 

force by an electromagnetic or magnetic interaction. And 

then much larger thrust can be generated compared with an 

usual linear motor, etc. and it is possible to make it 

smaller than a hydraulic cylinder, etc. In this case, 

either stator can be used, a hollow column or a solid 

column. 

Therefore, by using the parallel link mechanism 
according to the present invention that comprises 
expansion mechanisms that are arranged in the respective 
rods and each comprise the shaft motor, which comprises a 
cylindrical mover integrally arranged in one of the first 
axis member and the second axis member, and a columnar 
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stator integrally arranged in the other of the first axis 

member and the second axis member, and relatively drives 

the first axis member and the second axis member in the 

axis direction by using thrust generated by 

5 electromagnetic interaction between the first axis member 

and the second axis member, the miniaturization and 

lightening, and the improvement of the output can be 

realized at the same time. The parallel link mechanism 

according to the present invention is preferably applied 

10 to exposure apparatuses. 

In the parallel link mechanism according to the 

present invention, the expansion mechanism can comprise 

an air cylinder arranged in parallel or in series with 

the shaft motor. In such a case, the movable body can be 

15 driven coarsely and by larger distances by controlling 

the air pressure of the air cylinder, and also finely by 
the shaft motor. Also, in this case, it is possible to 
use the air cylinder to expand/contract each rod for 
controlling the position/attitude of the movable body, to 

20 use the shaft motor to suppress vibrations, and to use 

the air cylinder for suppressing low-frequency vibrations 
and the shaft motor for insulating high-frequency 
vibrations 

According to the second aspect of the present 
25 invention, there is provided an exposure apparatus, which 
transfers a predetermined pattern onto a substrate, 
comprising a exposure main portion for transferring the 
pattern; and a parallel link mechanism that supports at 
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least a part of the exposure main portion in such a way 
that its attitude is controllable. 

By using this, because a part of the exposure main 
portion that transfers a predetermined pattern onto a 
5 substrate is supported by the parallel link mechanism in 
such a way that its attitude is controllable, the part of 
the exposure main portion supported by the parallel link 
mechanism can be made lightweight by using the advantages 
of the parallel link mechanism and its attitude can be 

10 precisely controlled with desirable operational- 
characteristics and high rigidity. In addition, because 
the part of the exposure main portion can be supported to 
be independent of other portions by the parallel link 
mechanism, the transmission of vibrations, etc., can be 

15 prevented. Especially, in a case where a movable portion 
of a substrate stage or the like composing the exposure 
main portion is supported by the parallel link mechanism, 
such effects to others as vibrations due to the drive of 
the movable portion can be reduced. Therefore, by using 

20 the exposure main portion according to the present 

invention, a fine pattern can be precisely transferred 

onto a substrate. 

In an exposure apparatus according to the present 

invention, the exposure main portion comprises a 

25 substrate stage to hold the substrate and it is possible 

to have the parallel link mechanism control the 

position/attitude in at least three degrees of freedom of 

the substrate stage. In such a case, because the parallel 
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link mechanism controls the position/attitude in at least 
three degrees of freedom of the substrate stage, the 
substrate stage driven by the parallel link mechanism can 
be made lightweight and the position/attitude in at least 
three degrees of freedom of the substrate can be 
precisely controlled with desirable operational- 
characteristics and high rigidity. 

In this case, the parallel link mechanism may 
comprise a first base member, at least three expandable 
first rods that link the first base member and the 
substrate stage, and first expansion mechanisms that are 
arranged in the respective first rods and expand/contract 
the respective first rods. In such a case, by expanding 
and contracting the respective rods by the first 
expansion mechanisms that are arranged in the respective 
first rods, the position/attitude, in at least three 
degrees of freedom (e.g. X, Y, 9z) , of the substrate stage 
can be precisely controlled with desirable operational- 
characteristics and high rigidity. In this case, because 
the substrate stage is driven by the parallel link 
mechanism, such a driver to drive the substrate stage as 
a linear motor, a stage base (wafer base level block) to 
support the wafer stage, and the like are unnecessary. 
Note that for controlling the position/attitude in six 
degrees of freedom of the substrate, it is necessary to 
provide a driving mechanism (e.g. Z-tilt mechanism), 
which drives the substrate in the other degrees of 
freedom (e.g. Z, 0x, Gy) , and the like on the substrate 
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stage . 

In this case, it is preferable that the parallel 
link mechanism comprises six of the first rods and 
controls position/attitude, in six degrees of freedom, of 
the substrate stage by expansion/contraction of each 
first rod. In such a case, because the position/attitude, 
in the six degrees of freedom, of the substrate stage can 
be controlled by individual expansions/contractions of 
the six first rods of the parallel link mechanism, the 
above Z-tilt mechanism, etc., are unnecessary and 
therefore, it is possible to make the substrate stage, as 
the movable portion, more lightweight. 

In an exposure apparatus according to the present 
invention, the first expansion mechanism may comprise an 
air cylinder and an electromagnetic linear motor that are 
arranged in parallel or in series with each other. In 
such a case, the substrate stage can be driven coarsely 
and by larger distances by controlling the air pressure 
of the air cylinder, and also finely by the 
electromagnetic linear motor, and it is possible to 
precisely control the position/attitude, in at least 
three degrees of freedom, of the substrate stage for a 
short time. 

In an exposure apparatus according to the present 
invention, the exposure main portion may comprise a 
projection optical system that projects the pattern onto 
the substrate as well as the substrate stage the 
position/attitude of which, in at least three degrees of 
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freedom, is controlled by at least three first rods. In 
this case, by individually expanding and contracting the 
first rods by the respective first expansion mechanisms 
and controlling the position/attitude, in at least three 
degrees of freedom, of the substrate stage, the relative 
position, in at least three degrees of freedom, between 
the projection optical system and the substrate stage can 
be precisely adjusted with desirable operational- 
characteristics and high rigidity. 

In this case, the exposure main portion may further 
comprise a mask stage to hold the mask on which the 
pattern is formed and the parallel link mechanism may 
control the position/attitude in at least three degrees 
of freedom of the mask stage. In such a case, because the 
parallel link mechanism controls the position/attitude in 
at least three degrees of freedom of the mask stage, the 
mask stage driven by the parallel link mechanism can be 
made lightweight and the position/attitude in at least 
three degrees of freedom of the mask stage can be 
precisely controlled with desirable operational- 
characteristics and high rigidity and it is possible to 
adjust the relative position, in at least three degrees 
of freedom (e.g. X, Y, Gz or Z, 9x, 9y) , between the mask 
stage and the projection optical system. 

In this case, the parallel link mechanism may 
comprise a second base member, at least three expandable 
second rods that link the second base member and the mask 
stage, and second expansion mechanisms that are arranged 
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in the respective second rods and expand/contract the 
respective second rods. In such a case, by expanding and 
contracting the respective rods by the second expansion 
mechanisms that are arranged in the respective second 
5 rods, the control of the position/attitude, in at least 
three degrees of freedom (e.g. X, Y, Gz) , of the mask 
stage and the adjustment of the relative position, in at 
least three degrees of freedom (e.g. X, Y, Gz or Z, 0x, 
0y) , between the mask stage and the projection optical 
10 system can be precisely performed with desirable 

operational-characteristics and high rigidity. In this 
case, because the mask stage is driven by the parallel 
link mechanism, such a driver to drive the mask stage as 
a linear motor, a stage base to support the mask stage, 
15 and the like are unnecessary. Note that for controlling 
the position/attitude in six degrees of freedom of the 
mask, it is necessary to provide a driving mechanism (e.g. 
a Z-tilt mechanism or a planar motor) or the like which 
drives the mask in the other degrees of freedom (e.g. Z, 
20 9x, 0y or Z, Gx, By), on the mask stage. 

In this case, it is preferable that the parallel 
link mechanism comprises six of the second rods and 
controls the position/attitude, in six degrees of freedom, 
of the mask stage by expansion/contraction of each second 
25 rod. In such a case, because the position/attitude, in 
the six degrees of freedom, of the mask stage can be 
controlled by individual expansions/contractions of the 
six second rods of the parallel link mechanism, the above 



□ 
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Z-tilt mechanism, planar motor, etc., are unnecessary, 
and therefore, it is possible to make the mask stage, as 
the movable portion, more lightweight. 

In an exposure apparatus according to the present 
5 invention, in a case where the parallel link mechanism 
comprises at least three of the first rods expanded and 
contracted by the first expansion mechanisms to control 
the position/attitude of the substrate stage and at least 
three of the second rods expanded and contracted by the 
10 second expansion mechanisms to control the 



m 

IP position/attitude of the mask stage, at least one of the 

□ 

first and second expansion mechanisms may comprise an air 



cylinder and an electromagnetic linear motor that are 
arranged in parallel or in series with each other. In 

15 such a case, at least one of the substrate stage and the 
mask stage can be driven coarsely and by larger distances 
by controlling the air pressure of the air cylinder, and 
also finely by the electromagnetic linear motor, and it 
is possible to precisely control the position/attitude, 

20 in at least three degrees of freedom, of at least one of 
the substrate stage and the mask stage and precisely 
adjust the relative position of at least one stage with 
respect to the projection optical system for a short time. 
In this case, it is preferable that at least one of 

25 the first and second rods further comprises a bearing 

unit to support the mover of the electromagnetic linear 
motor with respect to its stator in a non-contact manner. 
In such a case, because friction that works as a non- 
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linear component upon controlling the 

expansion/contraction of the rod having the bearing unit 
by the expansion mechanism can be avoided, the 
position/attitude, in three degrees of freedom, of at 
least one of the wafer stage and the mask stage can be 
more precisely controlled. 

Note that in this case, either of a gas static 
pressure bearing unit and a magnetic bearing unit can be 
used as the bearing unit. 

When a gas static pressure bearing unit is used as 
the bearing unit, it is preferable that a differential 
exhaust mechanism is arranged in its neighbor so that a 
gas supplied to the gas static pressure bearing unit does 
not contaminate the gas purity of the atmosphere inside 
the exposure apparatus . 

In an exposure apparatus according to the present 

invention, the relative position between at least one of 

both the stages and the projection optical system may be 

statically adjusted by using the air cylinder, and also a 

controller to suppress vibrations by using the 

electromagnetic linear motor may be provided. In such a 

case, it is possible to adjust the relative position 

between at least one of both the stages and the 

projection optical system and suppress vibrations due to 

expansion/contraction of each rod. 

An exposure apparatus according to the present 

invention may further comprise a controller that 

insulates high-frequency vibrations by controlling the 
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current of the electromagnetic linear motor. In such a 
case, fine vibrations from the floor surface, high- 
frequency vibrations, can be insulated. 

An exposure apparatus according to the present 
5 invention may further comprise a supporting mechanism 
that supports the projection optical system to be in a 
fixed state on the floor surface on which the exposure 
main portion is mounted. In such a case, by having the 
supporting mechanism support it to be fixed immediately 

10 after the initial adjustment of the projection optical 
system to take a desirable position and attitude, the 
relative positions, in at least three degrees of freedom, 
of both the stages with respect to the projection optical 
system can be adjusted because it is possible to control 

15 the positions/attitudes, in at least three degrees of 
freedom, of the substrate stage and the mask stage. 

In an exposure apparatus according to the present 
invention, in a case where the parallel link mechanism 
comprises the first and second base members, at least 

20 three of the first rods expanded and contracted by the 
first expansion mechanisms, and at least three of the 
second rods expanded and contracted by the second 
expansion mechanisms, the parallel link mechanism may 
further comprise a third base member, at least three 

25 expandable third rods that link the third base member and 
the projection optical system, and third expansion 
mechanisms that are arranged in the respective third rods 
and expand/contract the respective third rods. In such a 
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case, by individually controlling expansion mechanisms 
arranged in the respective third rods upon the initial 
adjustment of the projection optical system, the initial 
adjustment can be easily performed. After the initial 
adjustment, by keeping the lengths of the respective 
third rods by the third expansion mechanisms, the 
projection optical system can be supported and fixed to 
be in a desirable position and attitude. After that, the 
relative position, in at least three degrees of freedom, 
between each stage and the projection optical system is 
adjusted by controlling the position/attitude of each 
stage . 

In this case, the third expansion mechanism may 

comprise an air cylinder. In such a case, the initial 

adjustment of the position/attitude of the projection 

optical system can be easily performed by adjusting the 

inside pressure of the air cylinder. 

In an exposure apparatus according to the present 

invention, the first, second, and third base members may 
each be an individual member, or at least two of the 
first, second, and third base members may be one common 
member. That is, the first, second, and third base 
members may be one common member, or the first and second 
base members, the second and third base members, or the 
first and third base members may be one common member. 

In an exposure apparatus according to the present 
invention, it is possible to have the exposure main 
portion comprise a mask stage to hold a mask on which the 



pattern is formed and to make the parallel link mechanism 
control the relative position, in three degrees of 
freedom, of the mask stage. In such a case, because the 
parallel link mechanism controls the position/attitude, 
in at least three degrees of freedom, of the mask stage, 
it is possible to make the mask stage driven by the 
parallel link mechanism lightweight and the 
position/attitude, in at least three degrees of freedom 
(e.g. X, Y, 9z or Z, 9x, Gy) , of the mask stage can be 
precisely controlled with desirable operational- 
characteristics and high rigidity. Note that when the 
exposure main portion comprises the projection optical 
system, it is possible to adjust the relative position, 
in at least three degrees of freedom, between the mask 
stage and the projection optical system. 

In this case, the parallel link mechanism may 
comprise a base member, at least three expandable rods 
that link the base member and the mask stage, and 
expansion mechanisms that are arranged in the respective 
second rods and expand/contract the respective rods. In 
such a case, by expanding and contracting the respective 
rods by the expansion mechanisms that are arranged in the 
respective rods, the control of the position/attitude, in 
at least three degrees of freedom (e.g. X, Y, 9z), of the 
mask stage can be precisely performed with desirable 
operational-characteristics and high rigidity. In this 
case, because the mask stage is driven by the parallel 
link mechanism, such a driver to drive the mask stage as 
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degrees of freedom (e.g. Z, 0x, By) , of the substrate 
stage supported by the first stage base can be controlled. 
That is, without the Z-tilt mechanism mounted on the 
substrate stage, it is possible to perform a Z-tilt drive 
5 of the substrate, and therefore it is possible to make 
the substrate stage lightweight. In addition, it is 
possible to reduce driving force and driving reaction 
when driving the substrate stage on the first stage base 
by, e.g., a planar motor. 

10 In this case, the parallel link mechanism may 

comprise a first base member, at least three expandable 
first rods that link the first base member and the first 
stage base, and first expansion mechanisms that are 
arranged in the respective first rods and expand/contract 

15 the respective first rods. In such a case, by 

individually expanding and contracting the respective 
first rods by the first expansion mechanisms that are 
arranged in the respective first rods, the 
position/attitude, in at least three degrees of freedom 

20 (e.g. Z, 0x, 6y) , of the first stage base is controlled. 
As a result, the position/attitude, in at least three 
degrees of freedom, of the substrate stage can be 
precisely adjusted with desirable operational- 
characteristics and high rigidity. 

25 In this case, the first expansion mechanism may 

comprise an air cylinder and an electromagnetic linear 
motor that are arranged in parallel or in series with 
each other. In such a case, the first stage base can be 
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a linear motor, a stage base to support the mask stage, 
and the like are unnecessary. Note that for controlling 
the position/attitude in six degrees of freedom of the 
mask, it is necessary to provide a driving mechanism (e.g. 
a Z-tilt mechanism) , which drives the mask in the other 
degrees of freedom (e.g. Z, 9x, 0y) , and the like on the 
mask stage. 

In this case, it is preferable that the parallel 
link mechanism comprises six of the rods and controls the 
position/attitude, in six degrees of freedom, of the mask 
stage by expansion/contraction of each rod. In such a 
case, because the position/attitude, in the six degrees 
of freedom, of the mask stage can be controlled by 
individual expansions/contractions of the six rods of the 
parallel link mechanism, the above Z-tilt mechanism, 
planar motor, etc., are unnecessary, and therefore, it is 
possible to make the mask stage, as the movable portion, 
more lightweight. 

In an exposure apparatus according to the present 
invention, it is possible to have the exposure main 
portion comprise a substrate stage to hold the substrate 
and a stage base to support the substrate stage in such a 
way that the substrate stage is movable, and to make the 
parallel link mechanism control relative position, in 
three degrees of freedom, of the first stage base. In 
such a case, by controlling the relative position, in 
three degrees of freedom, of the first stage base by the 
parallel link mechanism, the relative position, in three 
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driven coarsely and by larger distances by controlling 
the air pressure of the air cylinder, and also finely by 
the electromagnetic linear motor, and as a result, it is 
possible to precisely control the position/attitude, in 
5 three degrees of freedom (e.g. Z, 6x, 0y) , of the 
substrate stage for a short time. 

In this case, in a case where the parallel link 
mechanism comprises a first base member, at least three 
expandable first rods that link the first base member and 

10 the first stage base, and first expansion mechanisms that 
are arranged in the respective first rods and 
expand/contract the respective first rods, the exposure 
main portion may further comprise the projection optical 
system that is supported independent from the first stage 

15 base and projects the pattern onto the substrate. 

In such a case, as mentioned above, by individually 
expanding and contracting the respective first rods by 
the first expansion mechanisms, the position/attitude, in 
at least three degrees of freedom, of the substrate stage 

20 can be precisely controlled via the first stage base with 
desirable operational-characteristics and high rigidity. 
Therefore, as a result, the adjustment of the relative 
position, in at least three degrees of freedom (e.g. Z, 0x, 
6y) , between the projection optical system and the 

25 substrate, i.e. focus leveling control, can be precisely 
performed with desirable operational-characteristics and 
high rigidity. By making the substrate stage lightweight, 
it is possible to reduce driving force and driving 
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reaction when driving the substrate stage on the first 
stage base by, e.g., a linear motor, and because the 
projection optical system is supported independent from 
the first stage base, the reaction to the drive of the 
5 substrate stage can be prevented from transmitting to the 
projection optical system. Also, it is easy to separate 
the substrate stage and the projection optical system. 

In this case, the exposure apparatus may further 
comprise a position detector that is fixed on the 

10 projection optical system and detects the relative 

positional relation, in six degrees of freedom, between 
the substrate and the projection optical system. In such 
a case, because, as mentioned above, the reaction to the 
drive of the substrate stage can be prevented from 

15 transmitting to the projection optical system, it is 

possible to precisely detect the positional relationship, 
in six degrees of freedom, between the substrate and the 
projection optical system by the position detector fixed 
on the projection optical system. 

20 When its exposure main portion comprises the 

substrate stage, the first stage base to support the 
substrate stage, and the projection optical system, an 
exposure apparatus according to the present invention may 
further comprise a supporting mechanism that supports the 

25 projection optical system to be in a fixed state on the 
floor surface on which the exposure main portion is 
mounted. In such a case, because the positions/attitudes, 
in three degrees of freedom, of the substrate stage is 
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controllable, by initially adjusting the projection 
optical system to take a desirable position and attitude 
and having the supporting mechanism support it to be 
fixed after the initial adjustment, the positional 
relationship, in three degrees of freedom, between the 
substrate and the projection optical system can be 
adjusted. 

In an exposure apparatus according to the present 
invention, the exposure main portion may comprise a mask 
stage to hold a mask on which the pattern is formed and a 
second stage base to support the mask stage to be movable 
as well as the substrate stage, the first stage base to 
support this, and the projection optical system, and the 
parallel link mechanism may also control the 
position/attitude, in three degrees of freedom, of the 
second stage base. In such a case, the reaction to the 
drive of the substrate stage can be prevented from 
transmitting to the projection optical system, and by the 
parallel link mechanism controlling the position/attitude, 
in three degrees of freedom, of the second stage base, it 
is possible to precisely adjust the relative position and 
attitude, in three degrees of freedom (e.g. Z, 9x, Gy) , 
between the mask and the projection optical system with 
desirable operational-characteristics and high rigidity. 
That is, without the Z-tilt mechanism mounted between the 
mask stage and the second stage base or on the substrate 
stage, it is possible to perform a focus-leveling of the 
mask stage by using the parallel link mechanism, and 



therefore, the degradation of the pattern image due to 
the defocus of the mask can be prevented. Especially, 
when the object side of the projection optical system is 
non-telecentric, the positional deviation of the pattern 
image and the like due to the defocus of the mask can be 
prevented, too. By making the mask lightweight, it is 
possible to reduce driving force and driving reaction 
when driving it on the second stage base by, e.g., a 
linear motor and prevent the reaction from transmitting 
to the projection optical system. Also, it is easy to 
separate the mask stage and the projection optical system 

In the exposure apparatus according to the present 
invention, in a case where the parallel link mechanism 
controls the relative position, in three degrees of 
freedom, between the mask stage and the projection 
optical system by controlling the position/attitude, in 
three degrees of freedom, of the second stage base, a 
position detector that is fixed on the projection optical 
system and detects the relative positional relation, in 
six degrees of freedom, between the mask stage and the 
projection optical system may be arranged. In such a case 
because, as mentioned above, the reactions to the drives 
of the substrate stage and mask stage are prevented from 
transmitting to the projection optical system, it is 
possible to precisely detect the relative positional 
relation, in six degrees of freedom, between the mask 
stage and the projection optical system by the position 
detector fixed on the projection optical system. 
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In this case, the position detector may be an 
interferometer and a mirror, for detecting relative 
position in degrees of freedom X, Y, 9z, on which a 
measurement beam from the interferometer is made incident 
may be arranged on the mask stage, and a mirror, for 
detecting relative position in degrees of freedom Z, Gx, 
0y, on which another measurement beam from the 
interferometer is made incident may be fixed on the 
second stage base. 

In this case, in a case where the parallel link 
mechanism also controls the position/attitude, in three 
degrees of freedom, of the second stage base, the 
parallel link mechanism may comprise a second base member 
at least three expandable second rods that link the 
second base member and the second stage base, and second 
expansion mechanisms that are arranged in the respective 
second rods and expand/contract the respective second 
rods. In such a case, as mentioned above, it is possible 
to precisely adjust the relative position between the 
substrate and the projection optical system with 
desirable operational-characteristics and high rigidity, 
and the reaction to the drive of the substrate stage can 
be prevented from transmitting to the projection optical 
system. In addition, by individually expanding and 
contracting the respective second rods by the second 
expansion mechanisms that are arranged in the respective 
second rods, the position/attitude, in at least three 
degrees of freedom, of the second stage base is 
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controlled. As a result, the relative position, in at 
least three degrees of freedom (e.g. Z, 0x, 0y) , between 
the mask and the projection optical system can be 
precisely ad j us ted with desirable operational- 
5 characteristics and high rigidity. By making the 

substrate stage and the mask stage lightweight, it is 
possible to reduce driving force and driving reaction and 
to structure the substrate stage, the mask stage, and the 
projection optical system such that they can be easily 

10 separated. 

In this case, the parallel link mechanism may 
comprise a third base member, at least three expandable 
third rods that link the third base member and the 
projection optical system, and third expansion mechanisms 

15 that are arranged in the respective third rods and 

expand/contract the respective third rods. In such a case, 
upon the initial adjustment of the projection optical 
system, by individually controlling the expansion 
mechanisms that are arranged in the respective third rods, 

20 the initial adjustment can be easily performed. After the 
initial adjustment, by keeping the lengths of the 
respective third rods by the third expansion mechanisms, 
the projection optical system can be supported and fixed 
to be in a desirable position and attitude. After that, 

25 the relative position, in at least three degrees of 

freedom, between each stage and the projection optical 
system can be adjusted by controlling the 
position/attitude of each stage. 
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In this case, the third expansion mechanism may 
comprise an air cylinder. In such a case, the initial 
adjustment of the position/attitude of the projection 
optical system can be easily performed by adjusting the 
5 inside pressure of the air cylinder. 

In an exposure apparatus according to the present 
invention, the first, second, and third base members, 
which are respectively connected to the first stage base, 
the second stage base, and the projection optical system 

10 respectively via the first, second, and third rods, may 
each be an individual member, or at least two of the 
first, second, and third base members may be one common 
member. That is, the first, second, and third base 
members may be one common member, or the first and second 

15 base members, the second and third base members, or the 
first and third base members may be one common member. 

In an exposure apparatus according to the present 
invention, at least one of the first and second expansion 
mechanisms, which are respectively arranged in the first 

20 and second rods that respectively link the first and 

second stage bases with the first and second base members, 
may comprise an air cylinder and an electromagnetic 
linear motor that are arranged in parallel or in series 
with each other. In such a case, at least one of the 

25 first and second stage bases can be driven coarsely and 
by larger distances by controlling the air pressure of 
the air cylinder, and also finely by the electromagnetic 
linear motor, and as a result, it is possible to 
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precisely control the position/attitude, in three degrees 
of freedom (e.g. Z, Ox, Gy) , of at least one of the 
substrate stage and mask stage, and then precisely adjust 
the relative position and attitude, in three degrees of 
5 freedom (e.g. Z, Gx, Gy) , of at least one of the substrate 
and mask with respect to the projection optical system, 
for a short time. That adjustment is a so-called focus- 
leveling. 

In this case, it is preferable that at least one of 
10 the first and second rods further comprises a bearing 
unit that supports the mover of the electromagnetic 
linear motor with respect to its stator in non-contact 
manner. In such a case, because friction that works as a 
non-linear component upon controlling the 
15 expansion/contraction of the rod having the bearing unit 
by the expansion mechanism can be avoided, the 
position/attitude, in three degrees of freedom, of at 
least one of the wafer stage and the mask stage can be 
more precisely controlled via at least one of the first 
20 and second stage bases. 

Note that in this case, either of a gas static 
pressure bearing unit and a magnetic bearing unit can be 
used as the bearing unit. 

When a gas static pressure bearing unit is used as 
25 the bearing unit, it is preferable that a differential 
exhaust mechanism is arranged in its neighbor so that a 
gas supplied to the gas static pressure bearing unit does 
not contaminate the gas purity of the atmosphere inside 
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the exposure apparatus. 

In an exposure apparatus according to the present 

invention, the relative position between at least one of 

both the stages and the projection optical system may be 

statically adjusted by using the air cylinder, and also a 

controller to suppress vibrations by using the 

electromagnetic linear motor may be provided. In such a 

case, it is possible to adjust the relative position 

between at least one of both the stages and the 

projection optical system via at least one of the first 

and second stage bases and suppress vibrations due to 

expansion/contraction of each rod. 

An exposure apparatus according to the present 

invention may further comprise a controller that 
insulates high-frequency vibrations by controlling the 
current of the electromagnetic linear motor while low- 
frequency vibrations are suppressed by the control of the 
air pressure of the air cylinder. In such a case, low- 
frequency vibrations generated in each stage base due to 
the reaction to its drive are suppressed, and besides, 
fine vibrations from the floor surface, high-frequency 
vibrations, can be insulated. 

In an exposure apparatus according to the present 
invention, a plurality of stages may be mounted on at 
least one of the first and second stage bases. For 
example, in a case where a plurality of stages, i.e. 
substrate stages, are mounted on the first stage base, 
because exchange of substrates, detection of alignment 



m 



33 



marks of a substrate, or the like on another substrate 
stage can be performed during exposure for a substrate on 
one substrate stage, the throughput can be improved 
compared with the case of a single substrate stage. 
5 Furthermore, for example, in a case where a plurality of 
stages, i.e. mask stages, are mounted on the second stage 
base, because the exchange of masks is performed by 
exchanging the positions of the mask stages, it is 
possible to perform multi-exposure such as double 
10 exposure using a plurality of masks with a higher 
in throughput. Especially, in a case where a plurality of 

HJ the substrate stages and mask stages are provided, 

because exchange of substrates, detection of alignment 
marks of a substrate or the like on another substrate 
15 stage can be performed during multi-exposure for a 

substrate on one substrate stage, multi-exposure such as 
double exposure using a plurality of masks can be 
performed with a higher throughput. 

In an exposure apparatus according to the present 
20 invention, the exposure main portion may comprise a mask 
stage to hold the mask on which the pattern is formed and 
a stage base to support the mask stage in such a way that 
the mask stage is movable, and the parallel link 
mechanism may control the position/attitude, in three 
25 degrees of freedom, of the stage base. In such a case, by 
the parallel link mechanism controlling the 
position/attitude, in three degrees of freedom, of the 
stage base, the position/attitude, in three degrees of 
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freedom, of the mask can be precisely adjusted with 
desirable operational-characteristics and high rigidity. 
By making the mask stage lightweight, it is possible to 
reduce driving force and driving reaction when driving it 
on the stage base by, e.g., a linear motor. 

In this case, the parallel link mechanism may 
comprise a base member, at least three expandable rods 
that link the base member and the stage base, and 
expansion mechanisms that are arranged in the respective 
rods and expand/contract the respective rods. In such a 
case, it is possible to precisely adjust the relative 
position, in at least three degrees of freedom (e.g. Z, 0x, 
0y) , of the mask stage with desirable operational- 
characteristics and high rigidity by individually 
expanding and contracting the respective rods by the 
expansion mechanisms that are arranged in the respective 
rods and controlling the position/attitude, in at least 
three degrees of freedom, of the stage base. Also, by 
making the mask stage lightweight, it is possible to 
reduce driving force and driving reaction of each stage. 

An exposure apparatus according to the present 
invention may comprise a chamber to contain at least one 
part of the exposure main portion in a state where it is 
sealed from the outside atmosphere and its attitude is 
allowed to change. In such a case, it is possible to make 
a part of the exposure main portion, which is supported 
by the parallel link mechanism, lightweight by using the 
advantages of the parallel link mechanism, and its 
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attitude can be precisely controlled with desirable 
operational-characteristics and high rigidity. 
Furthermore, because the chamber contains at least one 
part of the exposure main portion in a state where it is 
5 sealed from the outside atmosphere and its attitude is 
allowed to change, by filling the chamber with nitrogen 
gas (N 2 ), helium gas (He) or the like it is possible to 
transfer a fine pattern onto a substrate with high 
resolution using ArF excimer laser light or vacuum 
10 ultraviolet light such as F 2 laser light, whose wavelength 
is shorter than ArF light. 

In this case, it is preferable that a vacuum 
exhaust system and a gas supply system to purge non- 
active gas into the chamber are arranged in the exposure 
15 apparatus. In such a case, by having a gas inside the 

chamber exhausted by a vacuum exhaust system and having a 
non-active gas such as nitrogen gas (N 2 ) and helium gas 
(He) supplied by a gas supply system, the gas inside the 
chamber is replaced by the non-active gas at once and the 
20 inside pressure is set to be at a desirable value. 

In a case where the exposure main portion comprises 
the substrate stage and the first stage base to support 
it, the projection optical system, the mask stage and the 
second stage to support it, and the parallel link 
25 mechanism to adjust the positions/attitudes, in three 

degrees of freedom, of the first and second stage bases, 
an exposure apparatus according to the present invention 
may further comprise a chamber that comprises a first 
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room to contain the mask stage and include the second 
stage base as a part, a second room to contain the 
projection optical system, a third room to contain the 
substrate stag and include the first stage base as a part, 
and expandable, bellows-members, which respectively link 
the first room and the second room, and the second room 
and the third room, and seals the substrate stage, the 
optical projection system, and the mask stage from the 
outside atmosphere. In such a case, the third room, which 
includes the first stage base as a part, contains the 
substrate stag; a second room contains the projection 
optical system; a first room, which includes the second 
stage base as a part, contains the mask stage; and 
expandable, bellows-members link the first room, the 
second room, and the third room. Therefore, it is 
possible to adjust the positions/attitudes, in three 
degrees of freedom, of the first and second stage bases 
by the parallel link mechanism without any problem. Also, 
the substrate stage, the optical projection system, and 
the mask stage are sealed from the outside atmosphere. 
Therefore, by filling the inside of the chamber with 
nitrogen gas (N 2 ) , helium gas (He) or the like, it is 
possible to transfer a fine pattern onto a substrate with 
high resolution using ArF excimer laser light or vacuum 
ultraviolet light such as F 2 laser light, whose wavelength 
is shorter than ArF light. 

In this case, it is preferable that a vacuum exhaust 
system and a gas supply system to purge non-active gas 
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into the chamber are arranged in the exposure apparatus. 
In such a case, by having a gas inside the chamber 
exhausted by a vacuum exhaust system and having a non- 
active gas such as nitrogen gas (N 2 ) and helium gas (He) 
5 supplied by a gas supply system, the gas inside the 

chamber is replaced by the non-active gas at once and the 
inside pressure is set to be at a desirable value. 

According to the third aspect of the present 
invention, there is provided a first method of making an 

10 exposure apparatus to transfer a pattern of a mask onto a 
substrate, comprising a first step of providing an mask 
stage to hold the mask; a second step of providing an 
optical projection system to transfer a pattern of the 
mask onto a substrate; a third step of providing a 

15 substrate stage to hold the substrate; and a fourth step 
of providing a parallel link mechanism to support at 
least one of the mask stage and the substrate stage in 
such a way that relative position, at least three degrees 
of freedom, of at least one of the mask stage and the 

20 substrate stage with respect to the optical projection 
system. 

According to this, by assembling and adjusting the 
illumination optical system, the projection optical 
system, the mask stage and substrate stage, the parallel 
25 link mechanism to support at least one of the mask stage 
and the substrate stage in such a way that relative 
position, at least three degrees of freedom, of at least 
one of the mask stage and the substrate stage with 
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respect to the optical projection system are controllable, 
and other various elements mechanically, optically, and 
electrically, an exposure apparatus according to the 
present invention can be made . 

According to the fourth aspect of the present 
invention, there is provided a second method of making an 
exposure apparatus to transfer a pattern of a mask onto a 
substrate, comprising a first step of providing an mask 
stage to hold the mask; a second step of providing an 
optical projection system to transfer a pattern of the 
mask onto a substrate; a third step of providing a 
substrate stage to hold the substrate; a fourth step of 
providing a first stage base to support the mask stage to 
be movable; a fifth step of providing a second stage base 
to support the substrate stage to be movable; and a sixth 
step of providing a parallel link mechanism to support at 
least one of the first and second stage bases in such a 
way that relative position, at least three degrees of 
freedom, of at least one of the first and second stage 
bases with respect to the optical projection system is 
controllable . 

According to this, by assembling and adjusting the 
illumination optical system, the projection optical 
system, the mask stage and substrate stage, the first 
stage base to support the substrate stage to be movable, 
the second stage base to support the mask stage to be 
movable, the parallel link mechanism to support at least 
one of the first and second stage bases in such a way 
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that relative position, at least three degrees of freedom, 
of at least one of the first and second stage bases with 
respect to the optical projection system is controllable, 
and other various elements mechanically, optically, and 
electrically, an exposure apparatus according to the 
present invention can be made. 

In addition, in the lithography process, by 
performing exposure using an exposure apparatus according 
to the present invention, it is possible to form a multi- 
layer pattern on the substrate with high precision of 
superposition, and therefore it is possible to 
manufacture a more highly integrated micro device with 
high yield. Therefore, another aspect of the present 
invention is a method of manufacturing a device using an 
exposure apparatus according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the arrangement 
of an exposure apparatus according to the first 
embodiment; 

Fig. 2 is a planar view showing the structure, some 
parts of which are not shown, of the parallel link 
mechanism of Fig. 1; 

Fig. 3 is a cross-sectional view showing the first 
rod 78 x of Fig. 1, some part of which is not shown; 

Fig. 4 is a schematic view showing the structural 
model of a driving system so as to explain the principle 
of the control of a parallel link mechanism in an 



exposure apparatus according to the first embodiment; 

Fig. 5 is a block diagram showing a control model 
for the driving system of Fig. 4; 

Fig. 6 is a view showing a relation between a 
stationary coordinate and a rod coordinate; 

Fig. 7 is a view for explaining the rod's 
structural model of Fig. 4 and reactions exerted on the 
rod and a driven body; 

Fig. 8 is a block diagram showing the structure of 
a control system of an exposure apparatus according to 
the first embodiment ; 

Fig. 9 is a schematic view showing the structure of 
an exposure apparatus according to the second embodiment; 

Fig. 10 is an oblique view showing the first 
parallel link mechanism of Fig. 9; 

Fig. 11 is a planar view showing a wafer laser 
interferometer system to detect the position, in X-Y 
plane, of the wafer stage of Fig. 9; 

Fig. 12 is a schematic view showing the structural 
model of a driving system so as to explain the principle 
of the control of a parallel link mechanism in an 
exposure apparatus according to the second embodiment ; 

Fig. 13 is a view showing a state that the wafer 
stage is driven in X-axis direction by the first parallel 
link mechanism; 

Fig. 14 is a view showing a state that the wafer 
stage is driven in Z-axis direction by the first parallel 
link mechanism; 



Fig. 15 is a view showing a state that the rolling 
of the wafer stage is controlled by the first parallel 
link mechanism; 

Fig. 16 is a view showing a state that the yawing 
of the wafer stage is controlled by the first parallel 
link mechanism; 

Fig. 17 is a block diagram showing the structure of 
a control system of an exposure apparatus according to 
the second embodiment; 

Fig. 18 is a flow chart for explaining a method of 
manufacturing a device using an exposure apparatus 
according to the present invention; 

Fig. 19 is a flow chart showing the process of the 
wafer process step (step 204) of Fig. 18; 

BEST MODE FOR CARRYING OUT THE INVENTION 

<<A first embodiment>> 

A first embodiment of the present invention will be 
described below with referring to Figs. 1 to 8 . 

Fig. 1 shows the schematic arrangement of an 
exposure apparatus 10 according to an embodiment. The 
exposure apparatus 10 is a so-called step-and-scan type 
scanning exposure apparatus that while illuminating the 
reticle R as a mask with exposure illumination light EL 
that is vacuum-ultraviolet, synchronously moves reticle R 
and wafer W as a substrate in a scanning direction 
(hereafter, defined to be Y-direction that is the lateral 
direction in Fig.l) and transfers a pattern on the 
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reticle R onto a plurality of shot areas on the wafer W 
through a projection optical system PL. This exposure 
apparatus 10 is a so-called scanning stepper. 

This exposure apparatus 10 includes an illumination 
optical system IOP that illuminates the reticle R with 
the exposure illumination light EL from a light source 
(not shown), a reticle stage RST serving as a mask stage 
for holding the reticle, a projection optical system PL 
for projecting the exposure illumination light EL sent 
out from the reticle R onto a wafer W, and a wafer stage 
WST serving as a substrate stage for holding and moving 
the wafer W in X-Y two dimensional direction. 

The above illumination optical system IOP is 
supported by an illumination-system supporting member 
(not shown) . This illumination optical system IOP 
includes an illumination-system housing that makes the 
inside airtight from the atmosphere and is filled with a 
low-absorbing gas, which is so clean and non-active as to 
include a few or less than a few percent concentration of 
air (oxygen), or desirably less than one percent, and low 
in the absorption of light having the wavelength of 
vacuum ultraviolet, such as dry nitrogen (N 2 ) , helium (He), 
argon (Ar) , neon (Ne) , and krypton (Kr) or a gas in which 
those gases are mixed. This is because, in the case of 
using light having the wavelength of vacuum ultraviolet 
as exposure illumination light, a gas (hereafter, 
referred to as an "absorptive gas" as the need arises) 
such as oxygen, steam, and hydrocarbon or related gas, 



43 



which greatly absorbs light having such a wavelength, has 
to be removed from the optical path. The inside of the 
illumination system housing is filled with the non-active 
gas mentioned above (hereafter, referred to as a "low 
absorptive gas" as the need arises) and kept to have a 
one to ten percent higher pressure than the air. 

The illumination system housing houses, as 
disclosed in, for example, Japanese Patent Laid-Open 
No. 7-142354 and U.S. Patent No. 5,534,970 corresponding 
thereto, etc., a beam reshaping system, a fly-eye lens as 
an optical integrator, a vibration mirror, a collective 
lens system, a relay lens, a reticle blind mechanism, a 
main condenser-lens system, etc. in a predetermined 
arrangement. The above disclosures are incorporated 
herein by this reference as long as the national laws in 
designated states or elected states, to which this 
international application is applied, permit. 

At the backside of the Fig. 1 of the illumination 
optical system IOP, a fret optical system including an 
optical system for optical axis adjustment that is called 
a beam matching unit is connected with at least one 
portion of the illumination optical system IOP, and via 
the fret optical system a light source (not shown) 
arranged on a floor surface FD is connected. As this 
light source, for example, a light source to emit light, 
of which the wavelength is in the rang of about 120nm to 
about 180nm and belongs to vacuum ultraviolet region, 
such as fluorine laser of 157nm as the oscillation 



wavelength (F 2 laser), krypton dimer laser of 146nm (Kr 2 
laser) and argon dimer laser of 126nm (Ar 2 laser) is 
employed. Note that ArF excimer laser, etc., can also be 
used as the light source. A light source controller (not 
shown) is connected with this light source and controls 
the oscillation center wavelength of a pulse ultraviolet 
light emitted from the source, the trigger of the pulse 
oscillation, a gas inside the laser chamber, etc. 

A slit-like illumination area on the reticle R that 
is defined by a fixed reticle blind (fixed field stop) is 
illuminated with uniform illuminance by the illumination 
optical system IOP. In this case, the slit-like 
illumination area is set to be in the center of a 
circular projection field of the projection optical 
system PL shown in Fig. 1 and extend in the X-direction 
(non-scanning direction) with the width in Y-direction 
(scanning direction) being almost constant. 

Incidentally, this light source could be installed 
in a utility space provided on the floor of a room 
(service room), having lower cleanness than a clean room, 
or the clean room. 

The above reticle stage RST is levitated above the 
upper surface of a reticle base level block 12, having a 
triangle shape in a planar view and serving as a second 
stage-base, with a predetermined clearance, for example, 
of about 5um via a non-contact bearing (not shown; for 
example an air-pad) . This reticle stage RST is scanned in 
the Y-direction, the scanning direction, within a 
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predetermined stroke range and can be finely moved on a 
horizontal plane (X-Y plane) by a reticle driver 14 (not 
shown in Fig. 1; refer to Fig. 8) including a linear 
motor, etc. The reticle R is fixed on this reticle stage 
RST by vacuum chucking or electrostatic chucking. 

On the upper surface of the reticle base level 
block 12, a bulkhead 16 having a rectangular opening 16a, 
which is reduced in size from the reticle R, formed 
thereon is provided. And this bulkhead 16 and the reticle 
stage base 12 compose a reticle room 18 as a first room 
to house the reticle stage. The bulkhead 16 is made of a 
material, which does not emit a large amount of gas, such 
as stainless (SUS) . The upper end of the bulkhead 16 is 
connected to the emitting end of the illumination system 
housing by bellows-like member 20 such that its inside is 
sealed from the outside air, the member 20 being 
expandable and being made of fluorine rubber that is a 
chemically clean material. 

On the emitting end of the illumination system 
housing, a transmission window (not shown) is arranged 
such that it seals the inside space of the illumination 
system housing from that of the reticle room 18. This 
transmission window is arranged in the optical path of 
exposure illumination light EL that is incident on 
reticle R from the illumination optical system IOP, 
thereby being made of a crystal material, which has high 
transmittance against vacuum ultraviolet as exposure 
illumination light, such as fluorite. 
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On the reticle base level block 12, a rectangular 
opening, in the cross-sectional view, that is the path of 
the exposure illumination light EL having passed the 
reticle R is formed. On the reticle base level block 12, 
an opening 12a, which is vertically penetrating and has a 
supporting member for a reticle laser interferometer 
(described later) inserted therein, is also formed. 
Incidentally, the supporting mechanism and the like of 
the reticle base level block 12 will be described later. 

The position of the reticle stage RST in the X-Y 
plane (X position, Y position, and rotation around Z-axis 
(6z rotation) ) is measured with a predetermined resolution 
for example about 0.5 to lnm, via a movable mirror 22R 
fixed on the reticle stage RST by the reticle laser 
interferometer 24R. In practice, on the reticle stage RST 
a X-movable-mirror having a reflection surface 
perpendicular to the X-direction and a Y-movable-mirror 
having a reflection surface perpendicular to the Y- 
direction are arranged, and two reticle interferometers 
24Ryi, 24Ry 2 for measuring the position in the Y-direction 
and a interferometer 24Rx for measuring the position in 
the X-direction are arranged (refer to Fig. 8). In Fig. 1 
those are representatively shown by the movable mirror 
22R and the reticle laser interferometer 24R. 

The bottom ends of the reticle laser interferometer 
24R, that is, interferometers 24Ryi, 24Ry 2 , 24Rx are 
fixed on the upper portion of the lens-barrel of the 
projection optical system PL, and the upper ends of those 



are respectively fixed via the opening 12a and similar 
openings (not shown) to the upper ends of three 
supporting members 26 that are exposed on the reticle 
base level block 12. 

The measurement values of the reticle laser 
interferometer 24R, that is, interferometers 24Ryi, 24Ry 2 , 
24Rx are supplied to the stage controller 52 and then to 
the main controller 50 (refer to Fig. 8). In the stage 
controller 52, according to the average of the 
measurement values of the interferometers 24Ryi, 24Ry 2 the 
Y position of the reticle stage RST is calculated, 
according to the difference of those measurement values 
and the distances between the axes of the interferometers 
the 0z rotation is calculated, and according to the 
average of the measurement values of the interferometers 
24Rx the X position of the reticle stage RST is 
calculated. The stage controller 52 reports those results 
of the calculations to the main controller 50 in real 
time . 

Furthermore, a reflection mirror 28 is fixed to the 
bottom surface of the reticle base level block 12 and a 
reticle base interferometer 30 to measure the Z position 
of the reflection mirror 28 is disposed on a 
predetermined position around the periphery of the upper 
end of the projection optical system PL. Incidentally, in 
practice, on the bottom surface of the reticle base level 
block 12, reflection mirrors are fixed to three different 
position, and a first interferometer 30i, a second 
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interferometer 30 2 , and a third interferometer 30 3 are 
respectively arranged on three positions around the 
periphery of the upper end of the projection optical 
system corresponding to the three mirrors (refer to Fig. 
8). In Fig. 1, those are representatively shown by a 
reflection mirror 28 and a reticle base interferometer 30 
The first interferometer 30 Xr the second interferometer 
30 2 , and the third interferometer 30 3 respectively measure 
the Z positions of three reflection mirrors. The 
measurement values of these three interferometer 30i, 30 2 , 
and 30 3 are supplied to the stage controller 52 and then 
the main controller. The stage controller 52 calculates 
the Z position, 9x rotation (pitching) , and Oy rotation 
(rolling) by performing a predetermined computing on the 
basis of the measurement values of the three 
interferometer 30 if 30 2 , and 30 3 . These results are 
reported from the stage controller 52 to the main control 
50 in real time. 

In the projection optical system PL, an optical 
system comprising a lens and a reflection mirror made of 
fluoride crystal such as fluorite and lithium fluoride is 
supported by the lens-barrel. In this embodiment, as this 
projection optical system PL, a reduction system is 
employed which has, for example, a circular image field 
and of which the object plane side and image plane side 
are both telecentric and the reduction magnification (3 is 
e.g. 1/4 or 1/5. As this projection optical system, 
although a refraction optical system may be used which is 



• 
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composed of only lenses made of fluoride crystal, in this 
embodiment a reflection/refraction-type projection 
optical system (catadioptric system) is employed. By 
using an scanning exposure apparatus comprising such a 
5 reflection/refraction-type projection optical system, it 
is possible to precisely transfer a fine pattern of about 
lOOnm L/S pattern onto wafers even with F 2 laser light 
having, for example, the wavelength of 157nm as exposure 
light. Note that an optical system composed of only 

10 reflection optical elements may be used as the projection 
optical system. 

As the reflection/refraction-type projection 
optical system, a reflection/refraction system comprising 
a beam splitter and a concave mirror as reflection 

15 optical elements, which is disclosed in, for example, 
Japanese Patent Laid-Open No. 8-171054 and U.S. Patent 
No. 5,668,672 corresponding thereto, and Japanese Patent 
Laid-Open No. 10-20195 and U.S. Patent No. 5,835,275 
corresponding thereto, can be used, or a 

20 reflection/refraction system comprising not a beam 
splitter but a concave mirror, etc., as reflection 
optical elements, which is disclosed in Japanese Patent 
Laid-Open No. 8-334695 and U.S. Patent No. 5,689,377 
corresponding thereto, and Japanese Patent Laid-Open 

25 No. 10-3039 and U.S. Patent Application No. 873,605 

(application date: June 12, 1997) corresponding thereto, 
can be employed. The disclosures in the above Japanese 
Patent Laid-Opens, U.S. Patent, and U.S. Patent 
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Application are incorporated herein by this reference as 
long as the national laws in designated states or elected 
states, to which this international application is 

applied, permit. 

As the reflection/refraction-type projection 
optical system, also a reflection/refraction system can 
be employed which comprises a plurality of refraction 
optical elements and two mirrors (a main mirror being a 
concave mirror and a sub-mirror that is a back surface 
mirror of which the reflection surface is formed on the 
opposite side to the incident surface of a refraction 
element or plane parallel plate) that are disposed along 
one axis and has the intermediate image of a reticle 
pattern again imaged on a wafer using the main mirror and 
sub-mirror, and is disclosed in Japanese Patent Laid-Open 
No. 10-104513 and U.S. Patent No. 5,488,229 corresponding 
thereto. In this reflection/refraction system, the main 
mirror and sub-mirror are disposed in series with the 
plurality of refraction optical elements, and an 
illumination light passes through a portion of the main 
mirror ,is reflected by the sub-mirror and the main 
mirror in turn, passes through a portion of the sub- 
mirror and reaches the wafer. The disclosures in the 
above Japanese Patent Laid-Opens and U.S. Patent are 
incorporated herein by this reference as long as the 
national laws in designated states or elected states, to 
which this international application is applied, permit. 
In this embodiment, as described above, as a 
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projection optical system, because the reduction optical 
system of the reduction magnification p, e.g. 1/4 or 1/5, 
is employed, when the reticle R is illuminated with the 
exposure illumination light EL from the illumination 
optical system IOP, the reduced image (partially inverted 
image) of a circuit pattern in the slit-like illumination 
area, on the reticle is formed on the exposure area, 
conjugate with the slit-like illumination area, on the 
wafer . 

Like the present embodiment, in a exposure 
apparatus using a exposure wavelength of vacuum 
ultraviolet, also a gas inside the lens-barrel of the 
projection optical system PL has to be replaced by the 
above non-active gas (low absorptive gas) to avoid the 
absorption of the exposure illumination light by a 
absorptive gas such as oxygen. Therefore, in the present 
embodiment, the inside of the lens-barrel of the 
projection optical system PL is filled with the above 
non-active gas, and the pressure of the inside is set to 
be at the predetermined value. The method in which the 
gas inside the lens-barrel of this projection optical 
system PL is replaced with the above non-active gas will 
be described later. 

On a position somewhat below the center, in the 
vertical direction, of the lens-barrel of the projection 
optical system PL, a flange FLG is provided. The whole 
lens-barrel including the flange FLG is covered by a 
bulkhead made of a material, which does not emit a large 
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amount of gas, such as stainless (SUS) , and a lens room 
32 serving as a second room to accommodate the projection 
optical system PL is formed by this bulkhead. In a 
portion of the ceiling of the bulkhead forming the lens 
5 room 32, an opening is formed, and the outside of the 
opening is connected to the reticle base level block 12 
through an expandable bellows-like member 34, which is 
made of fluorine-contained rubber, in the state where the 
inside is sealed from the atmosphere. Moreover, in the 
10 bottom wall of the bulkhead forming the lens room 32, an 
opening, which is the path for the exposure illumination 
light EL projected from the projection optical system PL 
to the wafer W, is formed. The outside of the opening is 
connected to a bulkhead forming a wafer room (described 
15 later) through an expandable bellows-like member 36, 

which is made of fluorine-contained rubber, in the state 
where the inside is sealed from the atmosphere. 

On a wafer base level block 38 that is triangle, in 
a planar view, and serves as a first stage base, the 
20 above wafer stage WST is freely driven in the X-Y plane 
by a wafer driver 40 (not shown in Fig. 1; refer to Fig. 
8) composed of a magnetic-levitation-type two-dimensional 
linear actuator (planar motor) that is disclosed in, for 
example, U.S. Patent No. 519,745, etc. The disclosure in 
25 the above U.S. Patent is incorporated herein by this 
reference as long as the national laws in designated 
states or elected states, to which this international 
application is applied, permit. 
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The wafer W is fixed on this wafer stage WST by 
vacuum chucking or electrostatic chucking (both are not 
shown) . 

A bulkhead 42 on which an opening of a 
predetermined shape is formed is arranged on the wafer 
base level block 38 and a wafer room 44 serving as a 
third room to accommodate the wafer stage WST is formed 
by the bulkhead 42 and the wafer base level block 38. The 
bulkhead 42 is made of a material, which does not emit a 
large amount of gas, such as stainless (SUS) . Furthermore, 
as described above, the upper end of the bulkhead 42 is 
connected to the bottom end of the lens room 32a through 
the expandable bellows-like member 36 in the state where 
the inside is sealed from the atmosphere. The supporting 
mechanism, etc., of the wafer base level block will be 
described later. 

In the present embodiment, a chamber 4 6 isolating 
the wafer stage WST, the projection optical system PL, 
and the reticle stage RST from the atmosphere is composed 
of the reticle base level block 12 and the bulkhead 18 
that compose the reticle room 18, a bulkhead composing 
the lens room 32, the wafer base level block 38 and the 
bulkhead 42 that compose the wafer room 44, the bellows- 
like member 36 connecting the lens room 32 and the 
reticle room 18, and the bellows-like member 20 
connecting the reticle room 18 and the illumination 
optical system IOP (refer to Fig. 1) . Like the present 
embodiment, in the case of employing light having a 
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wavelength in ultraviolet region as the exposure 
illumination light, the above absorptive gas such as 
oxygen has to be removed from the optical path. Therefore, 
the inside of the chamber 46, that is, the reticle room 
5 18, the lens room 32, and the wafer room 44 is filled 

with a low absorptive gas, for example helium, to set the 
inside pressure at a predetermined value. 

This will be elaborated below. One end of a first 
pipe 48 made of a flexible tube is connected to the 
10 bulkhead 16 of the reticle room 18 composing the chamber 
46 and the other end of the first pipe 48 is connected to 
the discharge opening of a helium gas supplier (hereafter, 
referred to as a "gas supplier") 54, and the one end of a 
second pipe 56 made of a flexible tube is connected to 
15 the bulkhead of the wafer room 44 composing the chamber 
4 6, and the other end of the second pipe 56 is connected 
to the inflow opening of a channel switching unit 58 
comprising the channel switching valve (three way valve) 
composed of an electromagnetic valve. The first outflow 
20 opening of this channel switching unit 58 is connected 
with the return opening of the gas supplier 54 via a 
third pipe 60. Furthermore, the second outflow opening of 
this channel switching unit 58 is connected with a turbo 
molecular pump 66 and then a dry pump 68 via pipes 62, 64. 
25 The above gas supplier 54 has a gas container 

containing helium gas that is so clean as to contain less 
than one percent concentration of oxygen. First and 
second pumps are provided respectively on the discharge 
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opening side (exit side) and return opening side 
(entrance side) of the gas container. A temperature 
adjustment unit (not shown) controls the helium gas 
inside the gas container to be kept at a predetermined 
target temperature. Moreover, a chemical filter, air 
filter, etc., are arranged around the return opening. 

The method of replacing the gas (air) inside the 
chamber 46 with helium will be briefly described below. 
Note that the operation described below is performed 
while the main controller 50 (refer to Fig. 8) described 
later is monitoring the output, etc., of a pressure 
sensor (not shown) . 

First, the channel switching valve inside the 
channel switching unit 58 is switched to the side of the 
turbo molecular pump 66, and then the dry pump 68 is 
turned on to vacuum the inside of the chamber 46. Next, 
after the inside of the chamber gets to be at a 
predetermined first vacuum state, the turbo molecular 
pump 66 is turned on and simultaneously the dry pump 68 
is turned off to further vacuum the inside of the chamber 
46. After the inside of the chamber 4 6 gets to be at a 
predetermined second vacuum state of, e.g., less than 
O.lhPa, the channel switching valve inside the channel 
switching unit 58 is switched to the side of the gas 
supplier 54 and simultaneously the turbo molecular pump 
66 is turned off. By the above lowering of the pressure, 
the absorptive gas such as oxygen is removed from the 
inside of the chamber 46. 
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Next, a charging valve (not shown) in the gas 
supplier is opened and simultaneously the first pump is 
turned on to start the supply of helium gas from the gas 
supplier 54 to the chamber 46. Then after the pressure 
inside the chamber 46 reaches the predetermined value 
after a predetermined time since the start of the supply, 
the charging valve is closed and simultaneously the first 

valve is turned off. 

In such a way, the replacement of gases inside the 
chamber 46 is performed, and the inside of the chamber 46, 
more specifically, the reticle room 18, the lens room 32, 
the wafer room 44, and the inside of the lens-barrel of 
the projection optical system PL is filled with helium. 

Note that in the present embodiment, as is obvious 
seeing Fig. 1, the supply system of helium gas is a 
circulation system having the circulating path for helium 
gas and is economical. In this case, there is a high 
possibility of helium gas, which returns to the returning 
opening of the gas supplier 54, containing particles or 
chemical impurities, but as described above, the chemical 
filter, air filter, etc., arranged around the returning 
opening remove them, and highly clean helium gas, which 
is chemically clean and has almost no particles, returns 
to the inside of the gas container. 

The position of the wafer stage WST in the X-Y plane 
(X position, Y position, and 9z rotation) is measured with 
a predetermined resolution, for example about 0 . 5 to lnm, 
via a movable mirror 22W fixed on the wafer stage WST by 
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the wafer laser interferometer 24W that is suspended from 
and supported by a supporting member 70 below the lens- 
barrel of the projection optical system PL. 

Incidentally, a reflection surface may be formed on a 
5 predetermined portion of the upper surface of the wafer 
base level block 38 by performing mirror-process and a 
wafer base interferometer for measuring the Z position of 
the reflection surface may be fixed on the lower side of 
the wafer laser interferometer 24W. 
10 In this case, in practice, on the wafer stage WST, 

a X movable mirror having a reflection surface 
perpendicular to the X-axis and a Y movable mirror having 
a reflection surface perpendicular to the Y-axis are 
arranged, and two wafer interferometers 24Wyi, 24Wy 2 for 
15 measuring the position in the Y-direction and a 

interferometer 24Wx for measuring the position in the X- 
direction are arranged (refer to Fig. 8). The measurement 
values of the wafer laser interferometer 24W, that is, 
interferometers 24Wy if 24Wy 2 , 24Wx are supplied to the 
20 stage controller 52 and then to the main control 50 

(refer to Fig. 8) . In the stage controller 52, according 
to the average of the measurement values of the 
interferometers 24Wyi, 24Wy 2 the Y position of the wafer 
stage WST is calculated; according to the difference of 
25 those measurement values and the distances between the 

axes of the interferometers the 6z rotation is calculated; 
and according to the average of the measurement values of 
the interferometers 24Wx the X position of the wafer 
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stage WST is calculated. The stage controller 52 reports 
those results of the calculations to the main controller 
50 in real time. 

Meanwhile, the z direction position of the wafer 

5 with respect to the projection optical system as a 

reference is measured by a focus sensor 73 that is fixed 
on the lens-barrel of the projection optical system PL 
and uses an oblique incident-light method- This focus 
sensor 73 is, as shown in Fig. 1, composed of a sending 

10 light system 73a, which is fixed on the periphery of the 
lens-barrel of the projection optical system and 
illuminates the surface of the wafer W with a detection 
beam in a oblique direction, and a receiving light system 
73b, which is fixed on the periphery of the lens-barrel 

15 of the projection optical system and receives the 

detection beam reflected by the surface of the wafer W. 
In this case, the sending light system 73a and the 
receiving light system 73b are both so disposed that they 
form an angle of 45 degrees with respect to the X-axis 

20 and Y-axis. As this focus sensor, a multiple focal 

position detection system is employed which is disclosed 
in, for example, Japanese Patent Laid-Open No. 6-283403 
and its corresponding U.S. Patent No. 5,448,332. The 
disclosures in the above Japanese Patent Laid-Opens and 

25 U.S. Patent are incorporated herein by this reference as 
long as the national laws in designated states or elected 
states, to which this international application is 
applied, permit. Note that this focus sensor 73 (73a, 
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73b) are integrally fixed on the projection optical 
system PL. 

The output of this focus sensor 73 is supplied to 
the stage controller 52 and the stage controller 52 
calculates the relative position, in Z, 9x, and By 
directions, of the wafer W with respect to the projection 
optical system, more specifically, the z position (the 
amount of defocus) , and Gx rotation (the amount of 
pitching) and 9y rotation (the amount of rolling) of a 
target in the exposure area of the wafer's surface on the 
basis of the output of this focus sensor 73. These 
calculation results, which are focus-leveling measurement 
results of the target in the wafer W's exposure area are 
reported from the stage controller 52 to the main control 
50 in real time. 

Next, the respective supporting mechanisms of the 
above reticle base level block 12, the projection optical 
system PL, and the wafer base level block 38 will be 
described below. As this supporting mechanism, in the 
present embodiment, a parallel link mechanism 74 is 
employed. Fig. 2 is a planar view that shows some of its 
elements composing the parallel link mechanism 74. 
Incidentally, Fig. 1 is a cross-sectional view along A-A 
line in Fig. 2. 

The parallel link mechanism 74 comprises a first 
mechanism that controls the position and attitude, in 
three degrees of freedom Z, Gx, By, of the wafer base 
level block 38, a second mechanism that controls the 
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position and attitude, in three degrees of freedom Z, 9x, 
9y, of the reticle base level block 12, and a third 
mechanism that controls the position and attitude, in 
three degrees of freedom Z, Gx, 6y, of the projection 

5 optical system PL. 

Out of these mechanisms, the first mechanism has 
three first base members 76i, 76 2 , 76 3 (refer to Fig. 2) 
placed around respective vertices of an equilateral 
triangle and three expandable first rods 78 L , 78 2 , 78 3 
10 that respectively link the first base members 76i, 76 2 , 
76 3 with the wafer base level block 38. 

These first rods 78 x , 78 2 , 78 3 , as shown in Fig. 1, 
each have a first axis member 7 9 and a second axis member 
80 that can relatively move along their axis-direction, 
15 and the one end (lower end) of the first axis member 79 
is attached to the corresponding first base member 76 so 
as to be rotatable around a supporting spindle 81 
composed of a bolt or pin, and then the other end (upper 
end) of the second axis member 80 is attached to the 
20 wafer bas level block 38 so as to be rotatable in the 
same way as the above. 

Fig. 3 shows the cross section (partially omitted) 
of the first rod 78i. As shown in Fig. 3, inside the first 
axis member 79, a cavity 82 that is shaped like a 
25 cylinder with steps is formed, and in one end (left side 
in Fig. 1) of the inside of this cavity 82 a bellows-type 
air cylinder 84 is contained. This air cylinder 84 has an 
end of a pipe 86, which is one portion of an air pressure 
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circuit (not shown) , connected thereto, and the other end 
of a pipe 86 is connected to an air pressure source. And 
by controlling the air pressure of compressed air 
supplied from the air pressure source via the air 
5 pressure circuit, the inside pressure of the air cylinder 
84 is controlled. By this, a piston 84A is moved back and 
forth along the axis direction. In the air cylinder 84 in 
Fig. 3, the return process uses the gravity exerted on 
the piston 84A in the state of being embedded in the 
10 parallel link mechanism 84. 

Moreover, on the other end inside the cavity 82 of 
the first axis member 79, an armature unit 88 composing 
the stator in a shaft motor 92, which is a kind of 
electromagnetic force linear motor and composed of a 
15 plurality of armature coils arranged in the axis- 
direction, is disposed. As the shaft motor 92, a three- 
phase motor is employed. Therefore, the armature unit 88 
is constituted of a plurality of coil units connected in 
series each of which has three coils connected in series 
20 each of which is for one phase and has a coil-axis- 
direction length of L/3, a third of a pitch L (described 
later) . 

Meanwhile, the second axis member 80 has a tube-like 
mover-yoke 80a, which is composed of magnetic members, 
25 and an attachment member 80b provided on the other end 
(right end in Fig. 3), in the axis-direction 
(longitudinal direction), of this mover-yoke 80a. On the 
periphery of the mover-yoke 80a, a hollow, columnar, that 
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is cylindrical, magnetic body 89 composed of a plurality 
of permanent magnets having the same size as one another 
is arranged. In this case, a hollow, columnar magnetic 
pole unit 90 as a mover of the shaft motor 92 is composed 
5 of the mover-yoke 80a and the magnetic body 89. The 

magnetic body 89 comprises a plurality of first-magnets, 
which are arranged at a predetermined distance along the 
axis-direction and each are a cylindrical permanent 
magnet magnetized in the axis-direction, and a plurality 
10 of second-magnets each of which is arranged between the 
neighboring two first-magnets and is a permanent magnet 
magnetized in the radius direction. Two poles of mutually 
neighboring two first-magnets, which are opposite with 
each other, have the same polarity as each other. Also, 
15 second-magnets are so arranged that their magnetization 
directions are alternatively opposite and that their 
poles having the same polarity as their neighboring 
first-magnets' poles are facing outwards. 

Therefore, in the neighbor of the stator, an open 
20 magnetic circuit (or close magnetic circuit) having a 

pitch (L) of 2L1 is formed omni directionally (radially) 
as the length of the first-magnet and second-magnet is 
represented by Ll . 

In the shaft motor 92 composed in this way, when 
25 supplying a driving current of sine wave having a 

predetermined period and amplitude to each coil of the 
armature unit 88 as the stator, the second axis member 80 
is relatively driven in the axis-direction with respect 
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to the first axis member 79 by Lorentz force (thrust), a 
kind of electromagnetic reaction, between the magnetic 
pole unit 90 and the armature unit 88. 

That is, in the present embodiment, the above air 
5 cylinder 84 and shaft motor 92 relatively drive the first 
axis member 79 and the second axis member 80 in the axis- 
direction, and constitute a first expansion mechanism 94i 
that expand the first rod 78i. 

Furthermore, on the inside surface of the first 
10 axis member 79 constituting the first rod 78 if a plurality 
of air pads (air static pressure bearing unit) 96' s 
serving as gas static pressure bearing units are arranged. 
The gas static pressure bearing unit is a bearing unit 
that supports the magnetic pole unit 90 serving as a 
15 mover of the above shaft motor 92 in non-contact manner 
with respect to the armature unit 88 as a stator. Each 
air pad 96 has an air pressure circuit (not shown), which 
is connected to an air pressure source (not shown) via an 
air supply path 98 and air supply tube 99, connected 
20 thereto. And via the air pressure circuit, the pressure 

of a compressed air supplied from the air pressure source 
is controlled, and the compressed air having a 
predetermined pressure is blown out from each air pad 96 
toward the periphery of the magnetic pole unit 90. Then 
25 by the static pressure of the compressed air, so-called 
gap-inside pressure, the magnetic pole unit 90 is 
supported in non-contact manner with respect to the 
armature unit 88. 
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Therefore, a friction that is non-linear component 
is avoided when controlling the expansion/contraction of 
the first rod 78!, where the air pad 96 is arranged, by 
the first expansion mechanism 94i. 

Furthermore, in the neighbor of this air pad 96, a 
differential exhaust mechanism (vacuum exhaust mechanism) 
400, which is connected to a vacuum pump (not shown), is 
arranged. This differential exhaust mechanism 400 
prevents an gas blown out of the air pad 96 from 
contaminating the gas purity of the atmosphere inside the 
exposure apparatus (e.g. helium gas atmosphere) by 
differentially exhausting the air blown from the air pad 
96. 

Incidentally, the above shaft motor 92 also 
functions as a kind of magnetic bearing by controlling 
the phase of the driving current. However, considering 
the effect of the gravity exerted on the second axis 
member 80, the above air pad 96 is arranged. Therefore, 
instead of the above air pad, a magnetic bearing unit may 
be employed as the bearing unit. 

Note that although not shown in Fig. 3, a linear 
encoder 95i is arranged which uses a Hall device to detect 
the amount of movement of the magnetic unit 90 with 
respect to the armature unit 88 and that the output of 
the linear encoder is supplied to the main controller 50 

(refer to Fig. 8) . 

The other first rods 78 2 , 78 3 are constituted in the 
same way as the first rod 78 x and have first expansion 
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mechanisms 94 2 , 94 3 and linear encoders 95 2 , 95 3 that are 
respectively the same as those of the first rod 78, (refer 
to Fig. 8) . 

Moreover, the second mechanism comprises a second 
5 base member 102 provided on the floor surface FD of a 
clean room and three expandable second rods 104x, 104 2 , 
104 3 that each connect the second base member 102 and the 
reticle base level block 12. As shown in Fig. 2, the 
second base member 102 comprises a basis 102a and three 
10 extended portions 102b that extend upward from the three 
positions of the basis 102a and have the same height. 

The second rods 104 lf 104 2f 104 3 each have a first 
axis member 106 and a second axis member 108 that are 
relatively movable along their axis, and one end (lower 
15 end) of the first axis member 106 is attached to a 

position of a predetermined height near the upper end of 
the corresponding extended portions 102b so as to be 
rotatable around a supporting axis 110, being a bolt or 
pin, as a center. And in the same way, one end (upper 
20 end) of the second axis member 108 is attached to the 

reticle base level block 12 so as to be rotatable. These 
three second rods 104 lf 104 2 , 104 3 are so arranged that 
they are respectively opposite with the first rods 78 x , 
78 2 , 78 3 in the planar view as shown in Fig. 2. 
25 Furthermore, the second rods 104 lr 104 2 , 104 3 

respectively comprise second expansion mechanisms 112!, 
112 2 , 112 3 , which are composed in the same way as the 
first expansion mechanisms 9A 1 of the first rod 78 x , and 
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linear encoders 95 4 , 95 5 , 95, (refer to Fig. 8). Also, in 
the second rods 104,, 104 2> 104 3 , air pads are arranged in 
the same way and for the same purpose as the first rod. 
The third mechanism comprises three third base 
5 members 114,, 114 2 , U4 3 (refer to Fig. 2) that are 

respectively arranged outwards next to the three first 
base members 76,, 76 2 , 76 3 on the floor surface FD of a 
clean room and three expandable third rods 118,, 118 2 , 
118 3 that respectively connect three third base members 
10 114i, H4 2 , H4 3 with an attachment stage 116 provided on 
the outside of the bulkhead containing the projection 

optical system PL. 

The respective third rods 118i, 118 2 , U83 have a 
first axis member 120 and a second axis member 122 that 
15 are relatively movable along their axis, and one end 

(lower end) of the first axis member 120 is attached to 
the corresponding third base member 114 so as to be 
rotatable around a supporting axis 124, being a bolt or 
pin, as a center. And in the same way, one end (upper 
20 end) of the second axis member 122 is attached to the 
attachment stage 116 so as to be rotatable. 

The third rods 118,, 118 2 , U83 respectively comprise 
third expansion mechanisms 126,, 126 2f 126 3 , which are 
composed in the same way as the first expansion 
25 mechanisms 94, of the first rod 78„ and linear encoders 
95 7 , 95 8 , 95 9 (refer to Fig. 8). Also, in the third rods 
118,, II82, 118 3 , air pads are arranged in the same way as 
the first rod. 
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Expansion mechanisms of rods 94, to 94 3 , 112, to 112,, 
126, to 126 3 that constitute the parallel link mechanism 
in the way described above are controlled by the main 
controller 50 via the stage controller 52 (refer to Fig. 

5 8) . 

in the present embodiment, the above third mechanism 
composing the parallel link mechanism 74 is, for example, 
employed to initially set the position and attitude of 
the projection optical system when starting up the 
10 exposure apparatus 10 after the completion of its 
assembly in a factory. That is, an operator inputs 
necessary information for initial setting via an 
input/output unit, and the main controller 50 controls 
the third expansion mechanisms 126,, 126 2i 126 3 via the 
15 stage controller 52 on the basis of the input information. 
Then the third rods 118,, 118 2 , 118, are expanded and the 
projection optical system PL is set to be in a 
predetermined position and attitude. After the completion 
of the initial setting, the third rods 118,, 118 a , II83 
20 are kept in the after-adjustment state. 

Note that because there is some possibility that the 
Z position and attitude of the projection optical system 
PL changes from the initial state due to fine deformation 
of the clean room floor surface over time, the above 
25 initial setting may be repeated at a predetermined time 
interval or performed as the need arises. 

Next, the principle of controlling the position and 
attitude in three degrees of freedom, that is Gx, 9y, Z, 
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of a body (controlled object) to be driven by a driving 
system having three of the same rods as the above first, 
second and third mechanisms have will be described below. 

As such a driving system, consider one, as shown 
schematically in Fig. 4, including a stationary member T, 
a driven body S, and expandable rods RD, (i= one to three), 
each of which includes a stator side member RM1 and a 
mover side member RM2 and links three points A A (i- one to 
three) of the stationary member T and three points B, (i= 
one to three) of the driven body S. Note that in the 
plane defined by three points A, (i= one to three) these 
points are placed at vertices of an equilateral triangle 
and that as setting the center of the equilateral 
triangle to be an origin 0, a stationary coordinate 
system XYZ is so defined that the plane including the 
equilateral triangle is its X-Y plane. Furthermore, in 
the plane defined by three points Bi (i= one to three) 
these points are placed at vertices of an equilateral 
triangle and as setting the center of the equilateral 
triangle to be an origin P, a driven-body coordinate 
system UVW is so defined that the plane including the 
equilateral triangle is its U-V plane. Incidentally, in 
each of the rods, the expansion/contraction of the rod R Di 
is caused by the movement, along the line between A, and 
Bi , of the mover side member RM2 of the rod RDi- 

in the present embodiment, a control system shown in 
Fig. 5, a block diagram, controls the position and 
attitude in three degrees of freedom 9x, 9y, Z, which is 
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shown in Fig. 4, in the manner described below. 

First, initial values of a position/attitude- 
setting portion 306 and a velocity-setting portion 304 
are set to current values of the position and attitude (9x, 
5 9y, Z), in three degrees of freedom 0x, By, Z, and the 

velocities (dOx/dt, dGy/dt, dZ/dt) of a driven body S, and 
initial values of an acceleration-setting portion 302 are 
set to acceleration values (d 2 6x/dt 2 , d 2 6y/dt 2 , d 2 Z/dt 2 ) for 
the control of a desirable position/attitude. After that, 
10 until a new initial setting, only the acceleration- 
setting portion 302 is updated time after time. Meanwhile, 
in the velocity-setting portion 304, its setting values 
are each set to the sum of their initial value and the 
integration of acceleration values from the acceleration- 
15 setting portion 302, and in the position/attitude-setting 
portion 306, its setting values are each set to the sum 
of their initial value and the integration of velocity 
values from the velocity-setting portion 304. 

At each time, a reverse-dynamics analyzing portion 
20 308 analyzes the acceleration-setting values of the 

acceleration-setting portion 302, the velocity-setting 
values of the velocity-setting portion 304, and the 
position/attitude-setting values of the 
position/attitude-setting portion 306 that are set in 
25 this way and inputted thereto, and based on the results 
of this analysis, the reverse-dynamics analyzing portion 
308 determines instructing values of thrusts for the 
respective rods RDi . 
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The reverse-dynamics analyzing portion 308 performs 
kinematical analyses regarding the position/attitude, 
velocity, and acceleration. These will be described below 
in turn. 

In the below description, for the sake of 
convenience, each vector is represented by an expression, 
vector XX, in sentences, and a vector-symbol is 
attached on the XX in mathematical expressions. 

< The analysis of position/attitude> 

in the analysis of position/attitude, the length and 
the expansion/contraction direction of each rod RDi are 
obtained based on the position/attitude setting values (Ox, 
9y, Z) . 

Therefore, first, from the respective position 
vectors Bb x (known constant vectors) of the points B ± (i= 
one to three) in the UVW coordinate system, a vector b± in 
the XYZ coordinate system is calculated by the following 
equation (3) . 

b,=ARB-Bb t -(3) 
Note that ARB is a rotational transform matrix from 
the UVW coordinate system to the XYZ coordinate system 
and is determined by the attitude setting values 9x, 9y 
and known 9z (constant; e.g. zero) in the 
position/attitude-setting portion 306. Such a rotational 
transform matrix is publicly known and can be easily 
calculated. Incidentally, instead of the 
position/attitude setting values 9x, 9y, Z, Eulerian 
angles may be used and in such a case, the expression for 
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equations of motion described later becomes simple. 

Then using a vector b ± obtained from equation (3), a 
vector n from Ai to B ± is calculated by the following 
equation (4) . 
5 r^p + bt-a, -(4) 

Note that the vector p is, as shown in Fig. 4, a 
vector from the origin 0 of the XYZ coordinate system to 
the origin P of the UVW coordinate system, that in the 
XYZ coordinate the Z component of the vector p is 
10 determined by a position setting value Z in the 

position/attitude-setting portion 306, and that its X 
component and Y component are known (constant; e.g. both 
are zero in the case of the point p being just on the 
point O) . Also, a vector a 4 is the position vector of the 
15 point Ai in the XYZ coordinate system and a known constant 
vector . 

Next, by the following equations (5) and (6), the 
length Di of each rod RDi and a unit vector s± in the 
expansion/contraction direction of each rod RDi in the XYZ 

20 coordinate system are obtained. 
D,=\r,\ -(5) 

7,=7 I /D I -(6) 

Incidentally, the reverse-dynamics analyzing portion 
308 finally determines the thrust in the 
25 expansion/contraction direction of each rod RDi and 

because the rotation of the rod RDi is generated by the 
expansion/contraction of the rod RD ± , it is convenient to 
employ a rod coordinate system, for each rod RDi, having 
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the expansion/contraction direction of the rod RD ± to be 
its one-axis so as to easily express the rotation of the 
rod RDi. Therefore, in the present embodiment, as having a 
XiYiZi coordinate system shown in Fig. 6 represent the rod 
coordinate system for each rod RD±, the following 
definitions are made. 

That is, definitions are made that a Xi'Yi'Zi' 
coordinate system is a coordinate system where its axes 
are respectively parallel to those of the XYZ coordinate 
system and its origin is a point A if that the Z ± ' 
direction and the expansion/contraction direction of the 
rod RDi form an angle yi, and that the X 4 ' axis and an 
intersection line between the Xi'Yi' plane and a plane, 
which is formed by the Z ± ' axis and the 

expansion/contraction direction axis of the rod RD if form 
an angle fc. Moreover, definitions are made that a 
Xi"Yi"Zi" coordinate system is a coordinate system 
obtained by rotating the Xi'Yi'Zi' coordinate system 
around the Z±' axis through the angle and that a X^Zi 
coordinate system obtained by rotating the Xi"Yi"Zi" 
coordinate system around the Y ± " axis through the angle y 
is an individual rod coordinate system for the rod RDi. 

Between the angles V|/i, ^ and the components (s ix s iY 
Siz ) of the unit vector Si in the XYZ coordinate system, 
the following equations exist. 

c o s <J) i= s iz ^ 7 ' 

sin^= (s ix 2 +s iY 2 ) 1/2 -(8) 
s i n 4> L = s iY / s in*i "' (9) 



cos*i=Six/sin*i ( 10) 
Moreover, a rotational transform matrix ARi from the 

XiYiZi coordinate system to the XYZ coordinate system is 
given by 

( cosfr ■ cos^ - sin^, cos0, • siny, 



AR ; = 



-(11) 



sin^, • cosy, - cos& sin<^ ■ siny, 
-sin^, o cosy, 
Incidentally, the rotational transform matrix ARi is 
an Hermitean matrix, and the rotational transform matrix 
iR A from the XYZ coordinate system to the XiYiZi coordinate 
system, which is the reverse transform of the rotational 
transform by the rotational transform matrix ARi, is a 
transposed matrix. 

<The analysis of velocities> 

In the analysis of velocities, based on the above 
analysis results of the position and attitude and the 
velocity setting values, the velocity-vectors, in the 
driven body connection point B ir of each rod RDi viewed in 
the XYZ coordinate system and the XiYiZi coordinate system 
and the angular-velocity-vector of each rod RD ± viewed in 
the XiYiZi coordinate system are obtained. 

First, the velocity-vector vbi in the point B± 
viewed in the XYZ coordinate system is obtained by 
v&* = v, + <», x ■••(12) 
Note that the vector V p is the velocity vector of the 
gravity center of the driven body S in the XYZ coordinate 
system, that X component and Y component of the vector V p 
are both zero because the driven body S does not move in 
the X direction and Y direction, and that its Z component 



is the velocity setting value dZ/dt in the velocity 
setting portion 304. Also, to P represents the angular 
velocity vector of the driven body S in the XYZ 
coordinate system, and its X component and Y component 
respectively represent angular-velocity setting values 
dGx/dt, d9y/dt in the velocity-setting portion 304. Also, 
because the driven body S does not rotate about the Z- 
axis, its Z component is zero. In equation (12) and below 
equations, "x" represents an outer product operation and 
" • "an inner product operation. 

Next, a velocity vector iV bi of the point B ± viewed 
in the XiYiZi coordinate system is obtained by 
7^~=,&4-^ ••■(13) 
Note that the Z± component of vector ± vbi represents 
the expansion/contraction velocity VR ± of the rod RDi. 

Next, by the following equation (14), the above unit 
vector Si is transformed into a vector iSi that is its 
expression in the XiYiZi coordinate system. 

••■(14) 

And a angular velocity vector i©i of the rod RDi 
viewed in the XiYiZi coordinate system is obtained by 

^ = ("7**7^) /A -05) 

< The analysis of acceleration> 

In the analysis of acceleration, based on the above 
analysis results of the position/attitude and the 
velocity, and the acceleration setting values, the 
acceleration-vectors and angular-acceleration-vectors, in 
the driven body connection point B if of each rod RDi are 



obtained. 

Next, the acceieration-vector in the point B, viewed 
in the XYZ coordinate system is obtained by 

s;=s; tv^vK 1 * 1 ••■ (16) 

N ote that the vector c, is the acceleration vector of 
the gravity center of the driven body S in the XYZ 
coordinate system, that X component and Y component of 
the vector a, are both zero because the drrven body S is 
not driven in the X direction and Y direction, and that 
it. Z component is the acceleration setting value d=Z/dt' 
in the acceleration setting portion 302. Also, p P 
represents the angular velocity vector of the driven body 
S in the XYZ coordinate system, and its X component and Y 
component respectively represent angular-acceleration 
setting values dWdt 2 , d 2 9y/dt* in the acceleration- 
setting portion 302. Also, because the driven body S is 
not driven about the Z-axis, its Z component is zero. 

Hext. a velocity vector ^ of the point Bi viewed 
in the Xl YiZi coordinate system is obtained by 

Note that the U component of vector .abi represents 
the expansion/contraction acceleration aR, of the rod RP,. 

Next , an angular-acceleration vector 1P1 of the point 
Bl viewed in the Xi Y iZl coordinate system is obtained by 
5 S=S>3 /D,-2VR,-,«,,/D, - (18) 

incidentally, each rod RDi is composed of the stator 
side member ml and the mover side member RM2 . Assume 
that the structure of the stator side member RM1 and the 
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the « r side -er RM2 are respectively represented by 
.1 end m2. also, assume that the gravity center of the 
sta ter side member RM1 is located at the position o£ 
distance LI fro, the point Ai in the direction from the 
point K to B, and that the gravity center of the .over 
side -e, BM2 is located at the position of distance L 2 
fr om the point Bl in the direction fro, the point B 4 to A,. 

I» this case, an acceleration vector t aU, in the 
gravity center, of the stater side member RM1 and an 
acceleration vector ^, in the gravity center, of the 
«r side -er RM2 viewed in the XtfA coordinate 

rained b, the following equations (19), (20). 
system are obtained oy 

-^Li-Tft+ii'^'^'^ " (,9) 

15 +(D,-I2)-,<o,x(, »,»,»,) 

*iVR,~S,y-7, " (20) 

After the completion of the analyses of the 
position/attitnde, the velecity/angnlar-velocity, and the 
acceleration/angular-acceleration as described above, as 
shown in ft,. 1. by virtually dividing the driven body S 
2 „ and the rod RDi at the point B, the system is decomposed 
into a driven body system and open loop rod system. 

u n-*r\ rtv as a sub-system, an 
And considering each rod RD X as a s 

Kn „ r ». for the rod RDi is given by 
equation of motion about A, tor rn 

~^A = d (~M /dt -(21) 
Hote' that the vector ^ rs a moment vector about 



the point Ai of the rod R Di and that the vector ^A* is a 
angular moment vector about the point A, of the rod RDi. 

Incidentally, as shown in Fig. 7, viewing in the 
XiYiZi coordinate system, a reaction t fai Ufa*, ifa Y i, 
if a zi ) acting on the rod R Di is generated at the point A, 
and a reaction {-ifbt ("ifbxi, -±fbri. "i^zi) acting on the 
rod RDi is generated at the point And a reaction ifb* 
is generated at a- point of the driven body S 
corresponding to the point Bj.. 

The values ifbxi, ifb yi that are respectively X ± axis 
component and Y ± axis component of the reaction acting on 
the point Bi and the point of the driven body S 
corresponding to the point Bi are obtained on the basis of 
the results of the above reverse-dynamics analysis of the 
position/attitude, the velocity/angular velocity, the 
acceleration/angular acceleration, the mass ml of the 
stator side member RM1 , the mass m2 of the mover side 
member RM2 , and a gravity acceleration regardless of the 
mass of the driven body S. Also, the value ifb zi that is Z t 
axis component is obtained by resolving a translation 
motion equation of the driven body S viewed in the XYZ 
coordinate system (22) and a rotatory equation (23). 



£ Ufb,)+m p g = mp'a p 



•(22) 



i=\ 

3 



Bn p =t,^b r Bfb l ) -(23) 
The vector Afb ± is a reaction-vector acting on the 
point of the driven body S corresponding to the point Bi 
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in the XYZ coordinate system and given by the following 
equation (24 ) . 

Afb^ARrJb, -(24) 
Also, m p represents the mass of the driven body S and 
5 a vector g represents a gravity acceleration vector. 

Furthermore, the vector Bn p represents the moment of 
the driven body S viewed in the UVW coordinate system and 
the vector Bfbt is a reaction-vector acting on the point 
of the driven body S corresponding to the point Bi in the 
10 UVW coordinate system and given by the following equation 
(25) . 



15 



BJb t =URB)~ X -AJb, 



- (ARB)' 1 ■ AR t • j fbj --(25) 
Incidentally, although equations (22) and (23) 
include six equations, considering that the driven body 
is driven in three degrees of freedom 6x, Gy, Z, an 
equation regarding Z component of equation (24) and two 
equations regarding components 9x, Gy of equation (25) are 
used on calculating three values if b 8i (i=one to three) . 
And the reverse-dynamics analyzing portion 308 
20 finally calculates the instructing value x± of thrust for 
each of the rods RD± according to 
x j = i f b Zi + m2 • g c • c o s </)j 

+ m2 • ,<x 2 zi -(26) 
Note that ifb zl is the Z component of vector ifbi and 
25 that gc is the magnitude (9.8m/S 2 ) of the gravity 
acceleration. 

Although, in the above, the calculation of the 



instructing value of thrust for each rod RD, according to 
Newton/Euler method is described, the instructing value 
of thrust for each ros RD, may be calculated according to 
d'Alembert method. In the d'Alembert method, the 
equations of Newton/Euler method are put together into 
jacobian matrices, and forces of constraint and moments 
of Newton/Euler method are removed from the equations of 
motion. Therefore, it is more efficient than Newton/Euler 
method, practical, and preferable. d'Alembert method will 
be briefly described below. Note that symbols represent 
the same things as those of Newton/Euler method. 

First, in the same way as Newton/Euler method, the 
position/attitude, velocity/angular velocity, and 
acceleration/angular acceleration are analyzed by 
reverse-dynamics analysis. The rotational transform 
matrix from the UVW coordinate system to the XYZ 
coordinate, and the angular velocity vector co P and angular 
acceleration vector p P in the expression of Eulerian 
angles are obtained. 

Next, Jacobian matrix Jb, of each rod R Di regarding 
the XYZ coordinate system that satisfy the following 
equation (27) is calculated. 

^ = J& ( va^ •••(27) 
Note that va P is a velocity vector in six degrees of 
freedom in the XYZ coordinate system and the resultant of 
the above velocity vector v P of the gravity center of the 
driven body S and the angular velocity vector co P of the 
driven body S. 
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Jacobian matrix Jh, is obtained from the results of 
reverse-dynamics analyses of the position/attitude and 
velocity/angular velocity by using an equation equivalent 

to the equation (12) . 

Next, Jacobian matrix iJbi of each rod RDi regarding 
the XiYiZi coordinate system is calculated by the 
following equation (28) . 

.Jb, =, RA - Jb, -(28) 
By using Jacobian matrix iJbi, from the velocity 
vector va p in six degrees of freedom in the XYZ coordinate 
system, velocity vector iVbi of the point B ± viewed in the 
XiYiZi coordinate system is obtained from the following 
equation (29) . 

~^b i=: Jb,-^ p -(29) 
Next, a driven body's Jacobian matrix JP is obtained 

from the following equation (30) . 

VR,=JP-vl -(30) 
The driven-body's Jacobian matrix JP is obtained on 
the basis that Z x component of vector ivbi is the 
expansion/contraction velocity vector V Ri of the rod RD A . 

incidentally, considering that the gravity acts on 
the driven body S, a applied-force vector fS p and an 
inertia torque tS p exerted on the gravity of the driven 
body S are obtained from the following equations (31) and 
(32) as representing an inertia matrix around the gravity 
of the driven body S in the XYZ coordinate system by AI P . 
Js p =m p -g-m p -a p -(31) 

jf p = -ai p ■Tp-a'p* ( AI r ■ *l ) - (32) 
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The resultant of the applied-force vector fS p and 
inertia torque tS p is represented by vector T P in the 
below. 

In the same way as the driven body S, the resultant 
. n - in the XA* coordinate system, of the applied-force 
Lctor and the inertia torque that act on the gravity of 
the stator side member RM1 composing the rod ED, and the 
resultant ,12,. in the coordinate system, of the 

applied-force vector and the inertia torgue that act on 
the gravity of the mover side member RH2 composing the 
rod RDi are obtained. 

Next, using the instructing value X, of thrust for 
each rod RDi as a parameter and employing driven-body' s 
Jacobian matrix, an eguation of motion is established. 
And by solvrng that eguation, the instructing value X, of 
thrust for each rod RDi is obtained. Note that the 
instructing value X, of thrust can be calculated by 
applying Gauss elimination to the eguation of motron. 

That is, the instructing value „ of thrust depends 
on the reverse transform of the driven-body' s Jacobian 
matrix. Therefore, because, when the driven body comes 
cl ose to a singular point of the reverse transform, a 
„alue calculated as the instructing value X, of thrust 

necessary to monitor the amount 
becomes unstable, it is necessary 

5 of the expansion/contraction, and velocity and 
acceleration of each rod RD, all the time. 

As described above, a voltage conversion portion 310 
converts the instructing value * of thrust for each rod 



• 
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RD± obtained by the reverse-dynamics analyzing portion 308 
into a voltage supplied to each rod RD±. The voltage is 
supplied to the electromagnetic actuator (corresponding 
to the shaft motor 92 in Fig. 3) of each rod RDi via a 
5 voltage adder 322 and first-order delay portion 312. And 
by the rod RDi expanding or contracting according to the 
voltage, the driven body 316 (i.e. the above driven body 
S (corresponding to the wafer base level block 38, etc.)) 
is driven in three degrees of freedom 0x, By, Z. 

10 Note that taking into account time delay in the 

delay portion 312 and the driven body 316, a controller 
318 generates and supplies a voltage according to the 
difference between the position/attitude setting values 
in the position/attitude setting portion 306 and the 

15 position/attitude values measured by a stage system 
sensor 320 (corresponding to the focus sensor 73 in 
Fig.l) to the voltage adder 322. Furthermore, taking the 
above time delay into account, a controller 324 generates 
and supplies a voltage according to the difference 

20 between the length of each rod RD ± calculated by the 

reverse-dynamics analyzing portion 308 and the length of 
each rod RD ± measured by a rod system sensor 326 
(corresponding to the linear encoder 95) to the voltage 
adder 322. By this compensated voltage for each rod 

25 generated by the controller 318, 324, the delay in 

control by the delay portion 312 or the driven body 316 
is compensated for. 

In Fig. 8, the structure of the control system of 
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the exposure apparatus 10 is schematically shown. The 
control system of Fig. 8 comprises the main controller 50 
and the stage controller 52, each of which is composed of 
a microcomputer or a workstation, as a main portion. Note 
that the main controller 50 and the stage controller 52 
comprise the acceleration-setting portion 302, the 
velocity-setting portion 304, the position/attitude- 
setting portion 306, the reverse-dynamics analyzing 
portion 308, the voltage conversion portion 310, and the 
controllers 318, 324 and control the reticle base level 
block 12 and the wafer base level block 38 using the 
principle of the driving control by the above parallel 
link mechanism on the basis of the detection results by 
the reticle interferometer 24R, the wafer interferometer 
24W, the focus sensor73, and the linear encoder 95. 

Next, the exposure operation by the exposure 
apparatus 10 of the present embodiment, which is 
constituted in the manner described above, will be 
described below with referring to Fig. 8 and the like. 

Assume that, as a premise, the above initial setting 
of the projection optical system PL is completed using 
the third mechanism composing the parallel link mechanism 
74. 

First, after preparation such as reticle alignment 
and base line measurement using a reticle microscope (not 
shown), an off-axis alignment sensor (not shown), and the 
like, a fine alignment (EGA (enhanced global alignment), 
etc.) of a wafer W using the alignment sensor is 



84 



completed, and then the arrangement coordinates of a 
plurality of shot areas on the wafer are obtained. 
Incidentally, the details of the above preparation of 
such as reticle alignment and base line measurement are 
5 disclosed in Japanese Patent Laid-Open No. 4-324923, 

U.S. Patent No. 5,243,195 corresponding thereto, and the 
like, and the details of the EGA are disclosed in 
Japanese Patent Laid-Open No. 61-44429, U.S. Patent 
No. 4,780,617 corresponding thereto, and the like. The 
10 disclosures in the above Japanese Patent Laid-Opens and 

U.S. Patents are incorporated herein by this reference as 
long as the national laws in designated states or elected 
states, to which this international application is 

applied, permit. 
15 Next, according to the instructions from the main 

controller 50, the stage controller 52 moves the reticle 
stage RST via the reticle driver 14 while monitoring the 
measurement values of the reticle laser interferometer 
24Ryi, 24Ry 2 , 24Rx, and the reticle is positioned at a 
20 scanning start position in the Y direction. In the same 
manner as this, according to the instructions from the 
main controller 50, the stage controller 52 moves the 
wafer stage WST via the wafer driver 40 while monitoring 
the measurement values of the wafer laser interferometer 
25 24Wyi, 24Wy 2 , 24Wx, and a corresponding shot area on the 

wafer is positioned at a scanning start position in the Y 
direction. 

Then the stage controller 52 moves the reticle stage 
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RST and the wafer stage WST respectively via the reticle 
driver 14 and the wafer driver 40 in mutually opposite 
directions at a velocity ratio corresponding to the 
projection magnification, and scanning exposure is 

5 performed. 

By the above operation, one-scan exposure (one shot 

exposure) of the reticle R is completed. 

Next, according to the instructions from the main 
controller 50, the stage controller 52 steps the wafer 
10 stage WST by one row of shot areas in the X direction and 
scans the wafer stage WST and the reticle stage RST each 
in an opposite direction to their previous direction, and 
performs scanning exposure onto other shot areas on the 
wafer . 

15 During the above scanning exposure, using the above 

driving control principle, on the basis of the 
measurement results of focus and leveling in the exposure 
area on the wafer, the main controller 50 controls the 
expansions/contractions of the first rods 78! to 78 3 via 

20 the stage controller 52 and respectively via the first 
expansion mechanisms 94i to 94 3 composing the parallel 
link mechanism 74 and controls the position/attitude in 
three degrees of freedom Z, 9x, 0y of the wafer stage WST 
via the wafer base level block 38 so that the exposure 

25 areas are kept within the range of the focus depth of the 
projection optical system. That is, in this manner, the 
main controller 50 adjusts the relative positions in 
three degrees of freedom Z, 6x, 9y of the projection 
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optical system PL and the wafer W (the wafer stage WST) , 
in other words, precisely performs a focus leveling 
control to prevent the deterioration of pattern 
transferred images due to defocus as much as possible. 
5 Furthermore, during the above scanning exposure, 

using the above driving control principle, on the basis 
of the position/attitude detection information of the 
reticle base level block 12 reported from the stage unit 
52 in real time, the main controller 50 feedback-controls 
10 the stage controller 52 and the second expansion 

mechanisms 112a to 112 3 composing the parallel link 
mechanism 74, and controls the expansions/contractions of 
the second rods 10 4l to 104 3 and the position/attitude, in 
three degrees of freedom Z, 9x, 8y, of the reticle base 
15 level block 12 to keep the position/attitude, in three 

degrees of freedom Z, Ox, By. of the reticle stage RST at 
a desirable state all the time. That is, in this way, the 
main controller 50 adjusts the relative position, in 
three degrees of freedom 0x, Gy, Z, of the reticle stage 
20 RST with respect to the projection optical system PL. 

Therefore, even when an offset load due to the movement 
of the reticle stage RST is exerted on the reticle base 
level block 12, the transfer position deviations, image 
blurs, etc., of the pattern-transferred image are 
25 effectively suppressed. 

As described above, in the exposure apparatus 10 of 
the present embodiment, by the expandable first rods 78i 
to 78 3 composing the first mechanism of the parallel link 
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mechanism 74 controlled by the main controller 50, the 
position/attitude, in three degrees of freedom 9x, 9y, Z, 
of the wafer base level block 38 can be controlled. 
Therefore, the position/attitude, in three degrees of 
freedom 9x, 9y, Z, of the wafer stage WST levitated above 
the wafer base level block 38 can be precisely controlled 
with desirable operational-characteristics and high 
rigidity. That is, in the exposure apparatus 10 without a 
Z-tilt driving mechanism on the wafer stage WST, by the 
expandable first rods 78, to 78 3 , the Z-tilt driving of 
the wafer W held on the wafer stage WST and the relative 
position, in three degrees of freedom Gx, 9y, Z, of the 
wafer with respect to the projection optical system PL, 
i.e. focus leveling, can be precisely controlled with 
desirable operational-characteristics and high rigidity, 
in this case, the three first rods 78, to 78 3 support the 
wafer base level block 38 to be independent of the 
projection optical system PL. Therefore, even when the 
wafer base level block 38 vibrates due to the reaction to 
the driving force upon the drive of the wafer stage WST, 
the vibration hardly transmits to the projection optical 
system PL. Also, in this case, because the Z-tilt driving 
mechanism is unnecessary, it is possible to make the 
wafer stage WST more lightweight, and the driving force 
and driving reaction upon driving the wafer stage WST on 
the wafer base level block 38 by the wafer driver 40 
comprising a planar motor can be reduced. 

Furthermore, in the exposure apparatus 10 of the 
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present embodiment, the exposure main portion controls 
the position/attitude, in three degrees of freedom Z, 9x, 
6y, of the reticle base level block 12 by the expandable 
second rods 104, to 104 3 composing the second mechanism of 
5 the parallel link mechanism 74 controlled by the main 

controller 50. Therefore, the position/attitude, in three 
degrees of freedom 9x, By, Z, of the reticle stage RST 
levitated above the reticle base level block 12 can be 
precisely controlled with desirable operational- 
0 characteristics and high rigidity. That is, in the 

exposure apparatus 10, without a Z-tilt driving mechanism 
between the reticle stage RST and the reticle base level 
block 12, or on the reticle stage RST, the Z-tilt driving 
of the reticle R held on the reticle stage RST and the 
15 relative position, in three degrees of freedom Gx, 9y, Z, 
of the reticle with respect to the projection optical 
system PL, i.e. focus leveling, can be precisely 
controlled by the expandable second rods 104, to 104 3 with 
desirable operational-characteristics and high rigidity. 
20 Therefore, the deterioration of pattern images due to 
reticle R' s defocus caused by an offset load, etc., 
exerted on the reticle base level block 12 upon the 
movement of the reticle stage RST can be prevented. In 
this case, the three second rods 104, to 104 3 support the 
25 reticle base level block 12 to be independent of the 

projection optical system PL. Therefore, even when the 
reticle base level block 12 vibrates due to the reaction 
to the driving force upon the drive of the reticle stage 
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RST, the vibration hardly transmits to the projection 
optical system PL. Also, in this case, because the Z-tilt 
driving mechanism is unnecessary, it is possible to make 
the reticle stage RST more lightweight, and the driving 
5 force and driving reaction upon driving the reticle stage 
RST on the reticle base level block 12 by the reticle 
driver 14 comprising a linear motor can be reduced. 

Also, in this case, the wafer stage WST, the reticle 
stage RST, and the projection optical system PL can be 
10 easily sealed from one another and easily maintained. 

In the present embodiment, a focus sensor 73 and a 
wafer laser interferometer 24W fixed on the projection 
optical system PL constitute a position detector to 
detect the relative position, in six degrees of freedom, 
15 of the wafer W and the projection optical system. In the 
present embodiment, as described above, the driving 
reactions exerted on the wafer stage WST and the reticle 
stage RST are prevented from transmitting to the 
projection optical system PL. Therefore, with the 
20 position detector (the focus sensor 73 and the wafer 

laser interferometer 24W) fixed on the projection optical 
system PL, it is possible to precisely detect the 
positional relationship between the projection optical 
system PL and the wafer W. 
25 Furthermore, a position detector to detect the 

relative position, in six degrees of freedom, between the 
reticle stage RST and the projection optical system PL 
comprises the reticle interferometers 24Ryi. 24Ry 2 , 24Rx 



90 



that illuminate a movable mirror 22R provided on the 
reticle stage RST with a length measuring beam and detect 
the position, in three degrees of freedom 9x, 6y, Z, of 
the reticle stage RST, and the first to third 
5 interferometers 30! to 30 3 that illuminate a mirror 28 
fixed on the reticle base level block 12 with a length 
measuring beam and detect the position, in three degrees 
of freedom 6x, 9y, Z, of the reticle base level block 12. 
in this case, the driving reactions exerted on the wafer 
10 stage WST and the reticle stage RST are prevented from 
transmitting to the projection optical system PL. 
Therefore, with the position detector (interferometers 
24R Yl , 24Ry 2 , 24Rx, 30 x to 30 3 ) fixed on the projection 
optical system PL, it is possible to precisely detect the 
15 positional relationship between the projection optical 
system PL and the reticle stage RST. 

Furthermore, in the exposure apparatus 10 of the 
present embodiment, the first expansion mechanisms 94 x to 
94 3 and the second expansion mechanisms 112! to 112 3 that 
20 are respectively arranged in the first rods 78 x to 78 3 and 
the second rods 104! to 104 3 each comprise the air 
cylinder 84 and the shaft motor 92, a kind, of 
electromagnetic linear motor, that are arranged mutually 
in series (or in parallel) . Therefore, the main 
25 controller 50 can drive the reticle base level block 12 
coarsely and by larger distances by controlling the air 
pressure of the air cylinder 84, and also finely by the 
shaft motor 92. As a result, the main controller 50 can 



precisely adjust the positions/attitudes, in three 
degrees of freedom Z, 9x, Gy, of the wafer stage and the 
reticle stage, and then their relative positions with 
respect to the projection optical system PL in three 
degrees of freedom Z, 9x, 6y in a short time. That is, it 
is possible to perform a precise focus leveling operation 
in a short time. 

Furthermore, because the first rods 78i to 78 3 and 
the second rods 104i to 104 3 each comprise the air pad 96 
to support the magnetic pole unit 90 as the mover of the 
shaft motor 92 with respect to the armature unit 88 as 
its stator in a non-contact manner, in controlling the 
expansions and contractions of rods by the first and 
second expansion mechanisms, friction that works as a 
non-linear component can be avoided. Therefore, the 
positions/attitudes, in three degrees of freedom Z, 0x, Gy, 
of the wafer stage WST and the reticle stage RST can be 
more precisely controlled respectively via the wafer base 
level block 38 and the reticle base level block 12. 

Moreover, in the exposure apparatus 10 of the 
present embodiment, the shaft motors 92' s are employed as 
electromagnetic linear motors composing the first 
expansion mechanisms 94i to 94 3 , the second expansion 
mechanisms 112i to 112 3 , and the third expansion 
mechanisms 126 2 to 126 3 , and in this shaft motor 92, the 
magnetic pole unit 90 including cylindrical magnets in 
its mover side is employed. Therefore, magnetic flux 
(magnetic field) is generated radially and in all 
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directions, and this exposure apparatus can have the 
whole magnetic flux in all directions contribute to the 
generation of Lorentz force (driving force) by an 
electromagnetic interaction. And then, much larger thrust 
5 can be generated compared with a usual linear motor, etc., 
and it is possible to make it smaller than a hydraulic 

cylinder, etc. 

Therefore, the parallel link mechanism 74 where rods 
each comprise the shaft motor 92 is preferably applied to 
10 the exposure apparatus 10 because its miniaturization and 
lightening, and the improvement of its output are 
realized at the same time. 

Moreover, in the exposure apparatus 10 of the 
present embodiment, the main controller 50 can statically 
15 adjust the relative position, with respect to the 

projection optical system PL, of at least one of the 
wafer base level block 38 and the reticle base level 
block 12 by using the air cylinders 84' s composing the 
first and second expansion mechanisms, and suppress 
20 vibrations by using the shaft motors 92' s. Therefore, it 
is possible to adjust at least one of both stages WST, 
RST with respect to the projection optical system PL via 
at least one of the wafer base level block 38 and the 
reticle base level block and to suppress the vibrations 
25 of the wafer base level block 38 and the reticle base 
level block 12, which are caused by the 
expansions/contractions of the respective rods and the 
reactions due to the drives of the stages. 
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Furthermore, with the main controller 50, it is 
possible to suppress low-frequency vibrations by 
controlling the air pressures of the air cylinders 84' s 
composing the first and second expansion mechanisms and 
to insulate high-frequency vibrations by controlling the 
currents of the shaft motors 92' s. Therefore, it is 
possible to suppress the low-frequency vibrations of the 
wafer base level block 38 and the reticle base level 
block 12 due to the reactions to the drives of the stages 
) and to insulate fine vibrations, high-frequency 
vibrations, from the floor surface. 

Furthermore, the exposure apparatus 10 of the 
present embodiment comprises a reticle room 18 containing 
the reticle stage RST and partially including the reticle 
5 base level block 12, the lens room 32 containing the 
projection optical system PL, the wafer room 44 
containing the wafer stage WST and partially including 
the wafer base level block 38, and the chamber 46 
including expandable bellows-like members 34, 36 
20 respectively linking the reticle room 18 and the lens 
room 32, and the lens room 32 and the wafer room 44 to 
isolate the wafer stage WST, the projection optical 
system PL, and the reticle stage RST from the outside 
atmosphere. Therefore, by the parallel link mechanism 74, 
25 the positions/attitudes, in three degrees of freedom Z, 6x 
Gy, of the wafer base level block 38 and the reticle base 
level block 12 can be adjusted without any troubles. 
Moreover, because the wafer stage WST, the projection 
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optical system PL, and the reticle stage RST are isolated 
from the outside atmosphere by the chamber 46, by filling 
the inside of the chamber 46 with a gas such as nitrogen 
(N2) or helium (He), it is possible to transfer a fine 
5 pattern on the reticle onto the wafer using the ArF 

excimer laser or a vacuum ultraviolet having a shorter 
wavelength such as F 2 laser light. 

With the exposure apparatus 10 of the present 
embodiment, with a number of schemes described above, it 
10 is possible to improve the lightening and the position 
controllability of the wafer stage WST and the reticle 
stage RST, and the exposure apparatus is excellent in the 
characteristics of suppressing vibrations of its units 
and isolating vrbrations of the floor, has a large number 
15 of the degrees of freedom in adjustrng the stages that 
can be separated from each other, and can perform 
exposure with high resolution with using F 2 laser light or 
an energy beam of a shorter wavelength in the atmosphere 
filled with a gas such as helium. And it is possible to 
20 manufacture highly integrated semiconductor devices, 
which have finer line widths, with high yield. 

incidentally, the above embodiment described the 
case where the projection optical system PL is supported 
by the three third rods 118,, 118 2 , 118, composing the 
25 third mechanism of the parallel link mechanism. This is 
because the initial adjustment of the projection optical 
system PL can be easily done by individually controlling 
the third expansion mechanisms 126 x , 126 2 , 126 3 to 
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respectively expand/contract the third rods 118,, 118 2f 
118 3 . However, because the projection optical system PL 
does not intrinsically need the change of its 
position/attitude afterward once its position/attitude is 
5 set at a desirable state, a supporting mechanism to 

support the projection optical system PL to be fixed on 
the floor surface FD may be provided instead of the third 
mechanism. Even in this case, because the 

positions/attitudes, in three degrees of freedom Z, 9x, Gy, 
10 of the wafer stage WST and the reticle stage RST, the 

positional relationships, in three degrees of freedom Z, 
9x, 9y, of the wafer W and retcile R with respect to the 
projection optical system PL are adjustable. 

Also, in the above embodiment, the third expansion 
15 mechanisms 126, to 126 3 each have the air cylinder and 

shaft motor, however, the third expansion mechanisms may 
each have only the air cylinder. Even in this case, the 
initial position/attitude of the projection optical 
system PL can be easily adjusted by adjusting the inside 
20 pressure of the air cylinder. 

Furthermore, in the above embodiment, bilaterally 
telecentric optical-system is employed as the projection 
optical system PL. However, the present invention is not 
limited to this, not to mention. For example, as the 
projection optical system, an optical system that is non- 
telecentric in its object side may be employed. In such 
an optical system non-telecentric in its object side, 
although the defocus of the reticle R is one factor of 
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the deviation of transfer position of the pattern image, 
the deviation of transfer position of the pattern image 
due to the defocus of the reticle R can be prevented 
because, in the above embodiment, the position, in three 
5 degrees of freedom Z, 9x, By, of the reticle R is 
controlled in the above manner. 

incidentally, in the above embodiment, the case 
where the first base members 76,, 76 2 , 76 3 , the second 
base member 102, and the third base members 114,, 114 2 . 
10 114 3 each are individual members was described. However, 
at least either the first base members or the third 
members may be one common member, or at least any two out 
of the first, second and third base members may be one 
common member. That is, all of the first, second and 
15 third base members may be one common member, or the first 
and second, the second and third, or the first and third 
base members may be one common member. 

Moreover, in the above embodiment, the case was 
described where a stage is mounted both the wafer base 
20 level block 38 and the reticle base level block 12. 

However, a plurality of stages may be mounted at least 
either on the wafer base level block 38 or on the reticle 
base level block 12. For example, in a case where a 
plurality of wafer stages WST are mounted on the wafer 
25 base level block 38, during the exposure operation of one 
wafer on the wafer stage, change of wafers on another 
wafer stage, or other operations such as the detection of 
wafer alignment marks can be simultaneously performed. 
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Therefore, the throughput can be improved compared with a 
case of having only one wafer stage. Also, for example, 
in a case where a plurality of reticle stages RST are 
mounted on the reticle base level block 12, because 
reticles can be changed by exchanging the positions of 
those plurality of reticle stages, it is possible to 
improve the throughput of such multi-exposure using a 
plurality of reticles as double exposure. Especially, in 
a case where a plurality of wafer stages WST and reticle 
stages RST are provided, during multi-exposure of a wafer 
on one wafer stage, such other operations as wafer change 
on another wafer stage and the detection of wafer 
alignment marks can be simultaneously performed. 
Therefore, such multi exposure using a plurality of 
reticles as double exposure can be performed with a high 
throughput . 

Moreover, in the above embodiment, the case is 
described where the wafer base level block 38 and the 
reticle base level block 12 are respectively supported by 
the first mechanism and the second mechanism of the 
parallel link mechanism 74 so as to be controllable in 
their attitudes. However, the present invention is not 
limited to this, not to mention. That is, only one of the 
wafer base level block 38 and the reticle base level 
block 12 may be supported by the parallel link mechanism. 
Even in such a case, the position/attitude of a level 
block, which is supported by the parallel link mechanism 
and serves as an end-effector of the parallel link 
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mechanism, can be controlled in the same manner as above, 
and as a result, the above effects are obtained. 

Furthermore, the structure of the chamber 4 6 
described in the above embodiment shows only one example, 
5 and the present invention is not limited to this, not to 
mention. That is, in the exposure apparatus of the 
present invention, any chamber can be used which contains 
at least one portion of the exposure apparatus's main 
portion (the reticle stage RST, the projection optical 
10 system PL, the wafer stage WST, etc.), which are 

supported by the parallel link mechanism, to be isolated 
from the outside atmosphere and allows the change of its 
attitude, in such a case, a portion of the exposure 
apparatus's main portion supported by the parallel link 
15 mechanism can be made lightweight by using the advantages 
of the parallel link mechanism, and its attitude can be 
precisely controlled with desirable operational- 
characteristics and high rigidity. Also, because the 
chamber houses at least one portion of the exposure 
20 apparatus's main portion to be isolated from the outside 
atmosphere and allowed to change its attitude, it is 
possible to transfer a fine pattern on the reticle onto 
the wafer using the ArF excimer laser or a vacuum 
ultraviolet having a shorter wavelength such as F 2 laser 
25 light by filling the inside of the chamber with a gas 
such as nitrogen (N 2 ) or helium (He) . 

Furthermore, in the above embodiment, at least a 
portion of the illumination optical system IOP may be 
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supported by the parallel link mechanism. 
«A second embodiments 

A second embodiment of the present invention will be 
described below with referring to Figs. 9 to 17. 
S Hereafter, the same or equivalent elements to those of 
the above first embodiment are represented by the same 
numbers, and for each of them, a brief or no description 

will be presented. 

Moreover, the first and second embodiments can be 
10 employed in combination as the need arises. 

Fig. 9 schematically shows an exposure apparatus 130 
according to the second embodiment. This exposure 
apparatus is a scanning-type exposure apparatus based on 
a step-and-scan method, i.e. a scanning stepper, which 
15 transfers a pattern on a reticle onto a plurality of shot 
areas on a wafer while illuminating the reticle as a mas, 
with an exposure illumination light EL and synchronously 
moving the reticle and the wafer as a substrate in a 
predetermined drrection (hereafter, set to be 1 axrs 
20 direction perpendicular to the drawing of Fig. 9). 

In this exposure apparatus 130, a reticle stage EST 
as a mask stage and a stage that is triangle in a planar 
view and serves as a substrate or wafer stage are 
employed, and its feature is that these stages are 
25 controlled in the six degrees of freedom X, Y. Z. 8x. 8y. 
6z by the parallel link mechanism. 

This exposure apparatus 130 comprises an 
Ulumination optical system IOP, the reticle stage RST 
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holding the reticle R, the wafer stage WST holding the 
wafer W, a first parallel link mechanism 132 including 
the wafer stage WST as an end-effector, a second parallel 
link mechanism 134 including the reticle stage RST as an 
5 end-effector, and the like. 

The first parallel link mechanism 132 comprises, as 
shown in Fig. 10, a first base member 136 that is almost 
horizontally arranged on the floor surface FD of a clean 
room and shaped in a regular hexagon; six expandable 
10 first rods 178, to 178 6 that each link the first base 
member 136 and the wafer stage; and first expansion 
onanisms 194, to 194 6 (not shown in Fig. 9; refer to Fig. 
17) that are mounted respectively in the first rods 178, 
to 178 6 and each expand /contract their first rod. 
15 As the first rods 178, to 178 6 , rods each comprising 

a first axis member and a second axis member that can 
relatively move in their axis direction in the same 
m anner as the first rod 78, in the above first embodiment 
are used. And the first axis member and second axis 
20 member composing each of the first rods 178, to 178 6 are 
relatively driven by respective one of first expansion 
mechanisms 194, to 194 6 that are the same as the first 
expansion mechanism 94, consisting of the air cylinder and 
shaft motor. Also, linear encoders 95, to 95 5 (refer to 
25 Fig. 17), each of which employs a Hall device to detect 
the amount of movement of a magnetic pole unit with 
respect to an armature unit in a shaft motor composing 
respective one of the first expansion mechanisms 194, to 
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194 6 , and air pads to levitate and support the magnetic 
pole unit with respect to the armature unit in a non- 
contact manner are mounted in the first rods 178, to 178«. 
In this case, as is obvious in Fig. 10, the both 
5 sides of each of the first rods 178, to 178 6 are connected 
respectively to the first base member 136 and the wafer 
stage WST via universal joints 138' s. Also, the first 
rods 178,, 178 2 are connected around a vertex of the 
triangle wafer stage WST, and the first base member 136 
10 and the first rods 178i, 178 2 form an almost triangle, 
in the same manner as this, the rods 178 3 , 178 4 and the 
rods 178 5 , 178 6 are respectively connected around the 
other vertices of the triangle wafer stage WST, and the 
first base member 136 and the rods 178 3 , 178,, and the 
15 first base member 136 and the rods 178 5 , 178 6 each form an 

almost triangle. 

The main controller 50 receives the outputs of the 
linear encoders 95, to 95 6 and controls the first 
expansion mechanisms 194a to 194 6 on the basis of the 
20 outputs of the linear encoders 95, to 95 6 via the stage 
controller 52 (refer to Fig. 17). 

Referring back to Fig. 9, the projection optical 
system PL is held on a lens-barrel level block 144 almost 
horizontally supported via four columns 140 fixed on the 
25 floor surface FD and vibration preventing units 142 
mounted on the columns 140. 

The lens-barrel level block 144 is constituted of, 
e.g., castings, and an circular opening in a planar view 
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is formed in its center and the projection optical system 
PL is inserted into the opening from above such that its 
optical axis coincides with the Z axis direction. On the 
periphery of the projection optical system PL, a flange 
5 FLG, which is integrated with the lens-barrel, is 

provided. As a material of this flange FLG, a material of 
low thermal expansion such as inver (an iron-alloy with 
nickel 36%, manganese 0.25%, and a small amount of carbon 
and other elements) is used, and this flange FLG composes 
10 a kinematic supporting mount supporting the projection 

optical system PL against the lens-barrel level block 144 
at three points via points, surfaces, and V-shape grooves 
By using such a kinetic supporting structure, it is easy 
to attach the projection optical system PL to the lens- 
15 barrel level block 144, and there is also an advantage 

that after the attachment, stress due to vibrations, the 
temperature changes, attitude changes, and the like of 
the lens-barrel level block 144 and the projection 
optical system PL can be reduced most effectively. 
20 In this case, the vibration-preventing unit 142 

insulates fine vibrations transmitted from the floor 
surface to the lens-barrel level block 144 at micro G 
level. In the present embodiment, the supporting column 
140, the vibration-preventing unit 142, and the lens- 
25 barrel level block 144 compose a supporting mechanism to 
fix and support the projection optical system PL on the 
floor surface FD where the main portion of the exposure 
apparatus is arranged. 
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On the wafer stage WST, the wafer W is held by 
chucking, and the position of the wafer stage in X-Y 
plane is detected with resolution of 0.5 to 1 nm by the 
wafer laser interferometer system consisting of the three 
interferometers 24Wx lf 24Wx 2 , 24Wy shown in Fig. 11. 

To be more specific, the interferometer 24W Xl is 
fixed on the lens-barrel level block 144 and hangs from 
it. And a first reflection surface 146a formed on the 
side surface of the wafer stage WST is vertically 
illuminated with measurement beams WIX1, WIX3 in a 
direction forming a predetermined angle 9x (hereafter, + 
60°) with respect to the Y axis. The measurement beam WIX1 
is shined toward the optical axis of the projection 
optical system PL. A fixed mirror Mwl, on which a 
reference beam corresponding to this measurement beam 
WIX1 is incident, is fixed on the side surface of the 
projection optical system PL (refer to Fig. 9), and the 
measurement beam WIX3 is shined toward the detection 
center of an of f -axis-alignment detection system ALG. A 
fixed mirror (not shown) on which a reference beam 
corresponding to this measurement beam WIX3 is incident 
is fixed on the side surface of an off-axis-alignment 

detection system ALG. 

Furthermore, the interferometer 24Wx 2 is fixed on the 
lens-barrel level block 144 and hangs from it. And a 
third reflection surface 146c formed on the side surface 
of the wafer stage WST is vertically illuminated with 
measurement beams WIX2, WIX4 in a direction forming a 
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„i Q o fhprpafter - 60°) with respect to 
predetermined angle B 2 (nereaiter, ou , 

the Y axis. The extension line of the optical path of the 
measurement beam WIX2 crosses the extension line of the 
exposure light of the measurement beam WIX1. A fixed 
5 mirror Mw2, on which a reference beam corresponding to 
this measurement beam WIX2 is incident, is fixed on the 
side surface of the projection optical system PL (refer 
to Fig. 9), and the extension line of the optical path of 
the measurement beam WIX4 crosses the extension line of 
10 the optical path of the measurement beam WIX3 at the 

center of the of f -axis-alignment detection system ALG. A 
fixed mirror (not shown) on which a reference beam 
corresponding to this measurement beam WIX4 is incident 
is fixed on the side surface of an of f -axis-alignment 

15 detection system ALG. 

Moreover, the interferometer 24Wy is fixed on the 
lens-barrel level block 144 and hangs from it. And a 
second reflection surface 146b formed on the side surface 
of the wafer stage WST is vertically illuminated with 
20 measurement beams WIYl, WIY2 in the Y axis direction. 
These measurement beams WIYl, WIY2 pass along optical 
paths bilaterally symmetric with respect to the Y axis 
between the optical axis of the projection optical system 
PL and the detection center of the alignment detection 
25 system ALG. A fixed mirror (not shown) on which reference 
beams corresponding to these measurement beams WIYl, WIY2 
are incident is fixed on the side surface of the 
projection optical system. 
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The measurement values of the above interferometers 
24Wxi, 24Wx 2 , 24Wy are supplied to the stage controller 52 
and then the main controller 50 (refer to Fig. 17). The 
stage controller 52 calculates the Y position of the 
5 wafer stage WST on the basis of the average value of 

measurement values by the measurement beams WIY1, WIY2 of 
the interferometer 24Wy, and calculates the 6z rotation 
(yawing) of the wafer stage WST on the basis of the 
difference of the above two measurement values and the 
10 distance between the measurement axes. 

Furthermore, the stage controller 52 calculates the 
X position of the wafer stage WST on the basis of a 
measurement value XI of the interferometer 24WX, and a 
measurement value X2 of the interferometer 24Wx 2 using the 
15 following equation (33) . 
X ={ (XI/ I sinGi I ) 

-(X2/|sin9 2 l)}/2 -(33) 
Because I sinOi I = I sin6 2 I =sinG, the X coordinate position 
of the wafer stage WST is given by 
20 X = (Xl-X2)/(2sin9) •"•(33' ) . 

Note that because it is important to avoid a so- 
called Abbe error, upon exposure operation, the stage 
controller 52 calculates the X position of the wafer 
stage WST using the above equation (33') on the basis of 
25 the measurement values by the measurement beams WIX1, 

WIX2 shined from the interferometers 24WX,, 24Wx 2 toward 
the optical axis of the projection optical system PL, and 
upon alignment, calculates the X position of the wafer 
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stage WST using the above equation (33') on the basis of 
the measurement values by the measurement beams WIX3, 
WIX4 shined from the interferometers 24Wx lf 24Wx 2 toward 
the detection center of the alignment detection system 
5 ALG. 

The positional information, in the degrees of 
freedom X, Y, 9z, of the wafer stage WST obtained above is 
reported from the stage controller 52 to the main 
controller 50 in real time. 
10 incidentally, in the present embodiment, it is 

preferable to compose the interferometer having a 
measurement axis corresponding to each of measurement 
beams to have a so-called double-path structure so as to 
prevent fine yawing (9z rotation) of the wafer stage from 
15 affecting the accuracy of exposure, and it is also 

preferable to compensate for a so-called Abbe error due 
to the difference in height between the interferometer 
measurement axis and the surface of the wafer W. 
Specifically, it is preferable to make other measurement 
20 beams incident, for example, below or above the 

measurement beams WIX1, WIX2 and WIY1 (or WIY2) . measure 
the pitching and rolling of the wafer stage WST, and 
correct X-Y position information of the wafer stage WST 
calculated above on the basis of these results. 
25 On the upper surface of the wafer stage WST, as 

shown in Fig. 11, a reference mark plate FM where 
reference marks for base line measurement and other 
reference marks of the alignment detection system are 
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formed is arranged. 

Referring back to Fig. 9, the second parallel link 
mechanism 134 is mounted on a gate-shape frame 152 
constituted of a pair of vertical members 148A, 148B and 
5 a horizontal plate 150 supported by these vertical 
members 148A, 148B. The horizontal plate 150 has an 
opening in a predetermined shape formed in its almost 
center . 

The second parallel link mechanism 134 is structured 
10 in the same way as the first parallel link mechanism 132. 
That is, the second parallel link mechanism 134 comprises 
a second base member 154 that is arranged on the gate- 
shape frame 152, has an opening, which is almost equal to 
the opening of the horizontal plate 150 in shape and size, 
15 formed in its center, and is shaped in a regular hexagon; 
six expandable second rods 179, to 179 6 that each link the 
second base member 154 and the reticle stage RST via 
their universal joints; and second expansion mechanisms 
195x to 195 6 (not shown in Fig. 9; refer to Fig. 17) that 
20 are mounted respectively in the second rods 179a to 179 6 
and each expand/contract their second rod. As the second 
rods 179, to 179 6 , rods having the same structure as the 
first rod 78, are employed, and as the second expansion 
mechanisms 195, to 195 6 , mechanisms having the same 
25 structure as the first expansion mechanism 94, are 
employed. Linear encoders 95, to 95, 2 each of which 
employs a Hall device to detect the amount of movement of 
a magnetic pole unit with respect to an armature unit in 
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a shaft motor composing respective one of the first 
expansion mechanisms 195! to 195 6 , and air pads to 
levitate and support the magnetic pole unit with respect 
to the armature unit in a non-contact manner are mounted 
5 in the second rods 179i to 179 6 . 

The output of the linear encoders 95 7 to 95i are 
supplied to the main controller 50, and based on the 
output of the linear encoders 95 7 to 95 12 , the main 
controller 50 controls the second expansion mechanisms 
10 195 X to 195 6 via the stage controller 52 (refer to Fig. 
17) . 

The position of the reticle stage RST in the X-Y 
plane is detected by three interferometers 24RXi, 24Rx 2 , 
24Ry (the interferometer 24Ry located at the back of the 
15 drawing is not shown in Fig. 9; refer to Fig. 17) fixed 
on the horizontal plate 150 of the gate-shape frame 152, 
e.g., with resolution of 0.5 to lnm. This position is 
detected with fixed mirrors Mr,, Mr 2 , Mr 3 (the mirror Mr 3 
located at the back of the drawing is not shown) as 
20 references fixed on the side surface of the lens-barrel 
of the projection optical system PL. In the same way as 
the above, the stage controller 52 calculates the 
position, in the degrees of freedom X, Y, 9z, of the 
reticle stage RST, and the positional information, in the 
25 degrees of freedom X, Y, 6z, of the reticle stage RST is 
reported from the stage controller 52 to the main 
controller 50 in real time. 

As the alignment detection system ALG, for example, 
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an imaging-type alignment sensor is employed which 
illuminates alignment marks (or the reference mark plate 
EM) on the wafer with a broad band light, receives its 
reflection light, and detects the marks by image 
5 processing. The details of such an imaging-type alignment 
sensor are disclosed in Japanese Patent Laid-Open 
No. 7-321030, U.S. Patent No. 5,721,605 corresponding 
thereto, and the like. The disclosures in the above 
Japanese Patent Laid-Open and U . S . Patent are 
10 incorporated herein by this reference as long as the 

national laws in designated states or elected states, to 
which this international application is applied, permit. 
The measurement values of the alignment detection system 
ALG are supplied to the main controller 50 (refer to Fig. 
15 17). 

incidentally, as the alignment detection system ALG, 
an alignment sensor of LIA (Laser Inter ferometric 
Alignment) method may be used which illuminates grating 
marks on a wafer with a laser light in two directions, 
20 has their diffracted lights interfere with each other, 
and detects the positions of the grating marks on the 
basis of the phase of the interfered light. 

Furthermore, a focus sensor 73 (73a, 73b) is 
arranged on the side surface of the projection optical 
25 system PL; the outputs of the focus sensor 73 are 
supplied to the stage controller 52, and the stage 
controller 52 calculates the relative position, with 
respect to the projection optical system PL, of the wafer 
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in the degrees of freedom Z, 9x, By. specifically, Z 
position (an amount of defocus), 6x rotation (an amount of 
pitching), ey rotation (an amount of rolling), of the 
exposure area on the wafer surface on the basis of the 
5 outputs of the focus sensor 73. These results, i.e. focus 
leveling measurement results, of the exposure area of the 
wafer are reported to the main controller 50 in real time. 

Moreover, a focus sensor 173 (not shown in Fig. 9; 
Refer to Fig. 17) that is a multi focal position 
10 detection system, being the same as the focus sensor 73, 
and detects Z position of the pattern surface of the 
reticle with respect to the projection optical system PL 
is arranged around the reticle stage RST, and the output 
of the focus sensor 173 is supplied to the stage 
15 controller 52. Then the stage controller 52 calculates 
the relative position, with respect to the projection 
optical system PL, of the reticle in the degrees of 
freedom Z, 9x, By. in other words, Z position (an amount 
of defocus), 9x rotation (an amount of pitching), 9y 
20 rotation (an amount of rolling), of the pattern surface 
of the reticle on the basis of the outputs of the focus 
sensor 173. These results, i.e. focus leveling 
me asurement results, of the reticle are reported to the 
main controller 50 in real time. 
25 Next, the principle of controlling the 

position/attitude of a driven body in the six degrees of 
freedom X, Y, Z, 6x, 9y, 9z by a driving system that has 
six rods like the parallel link mechanism of the present 
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embodiment -ill be described below. 

As such a driving system, consider a driving system, 
a s schematically shown in Fig. 12, comprising a 
stationary member T, a driven body S, a stator side 
5 member RM1, a mover side member BM2 and expandable rods 
RD (i . one to six) linking six points Ai U- one to Six) 
o£ the stationary member T and six points li- °ne to 
,ix) of the driven body S. Hereafter, six points A, li- 
ons to six, are located in one plane and a stationary 
10 coordrnate XYZ is so defined that that plane is its X-Y 

plan e and the center of those points is its origin 0, and 
six points Bl (i= one to six, are located in one plane and 
. stationary coordinate oy W is so defined that that plane 
is its D-V plane and the center of those points rs rts 
« origin P. Note that the expansion/contraction of each rod 
RDl is generated by its mover side member R«2 moving along 
the straight line between the point Ai and the point fc. 

In the present embodiment, in the driving system of 
fig. 12, a control system, the block diagram of which is 
20 obtained by extending that in Fig. 5 for the three 
degrees of freedom into the six degrees of freedom, 
controls the position/attitude in the six degrees of 

freedom X, 1, Z, 8x, By, 9z. 

That is, initial values of the velocity-setting 
25 portion 304 and the position/attitude-setting portion 306 
are set to current values for the position/attitude (X, V, 
Z 9x, By. 01) of the driven body S in the six degrees of 
freedom X, Y. I. Ox. By. ^ and velocities (dX/dt, dY/dt, 
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dz/dt , d6x/dt, dBy/dt. d8z/dt>, and initial values of the 
acceleration-setting portion 302 are set to desirable 
acoeleration values for controlling the position/attitude 

(A/df. d^Y/dtS A/df. dW. Ay/*'. <» 2 ez/dt'». 

5 After that, until a new initial setting, only the 

acceleration-setting portion 302 is updated time after 
time Meanwhile, in the velocity-setting portion 304, rts 
setting values are each set to the s- of their initial 

„f acceleration values from the 
value and the integration of accelerat 

10 acceleration-setting portion 302. and in the 

position/attitude-setting portion 306, its setting values 
are each set to the sum of their initial value and the 
integration of velocity values from the velocity-setting 
portion 304. 

15 At each time, in the same way as in the three 

degrees of freedom described previously, a reverse- 
dynamics analyzing portion 308 analyzes the acceleration- 
setting values of the acceleration-setting portion 302, 
the velocity-setting values of the velocity-setting 
20 portion 304. and the position/attitude-setting values of 
the position/attitude-setting portion 306 that are set rn 
this way and input thereto, and based on the results of 
this analysis, the reverse-dynamics analyzing portion 308 
determines instructing values of thrusts for the each rod 
25 RDl in the same way as in the three degrees of freedom 

■ the nosition/attitude of the driven 

described previously, the positi 

body S in the si* degrees of freedom is controlled. 

Next , a way where the first parallel link -onanism 
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132 controls the position/attitude of the wafer stage WST 
in the six degrees of freedom will be described below 
with referring to Fig. 13 to Fig. 16. 

The main controller 50 can move the wafer stage WST 
5 by a distance LI in a non-scanning direction, i.e. the X- 
direction, by controlling the expansion/contraction of 
the first rods 118, to 178, via the first expansion 
me chanrsms 194, to 194, and, e.g., changing a state of the 
first rods 178, to 178, shown by solid lines in Fig. 13 to 
10 another state shown by virtnal lines (two-dot chain 

lines, . in the same way as this, the main controller 50 
can move the wafer stage WST in a scanning direction, r.e. 
the Y-direction, by appropriately controlling the 

* 4-v.o first rods 178i to 178 6 via 
expansions/contractions of the first roa 

15 the first expansion mechanisms 194a to 194 6 . 

Furthermore, the main controller 50 can move the 
wafer stage WST by a distance L2 upwards in Z-axis 
direction by controlling the expansions/contractions of 
the first rods 178, to 178 6 via the first expansion 
20 mechanisms 194, to 194 6 and, e.g., changing a state of the 

another state shown by virtual lines (two-dot chain 
lines) . Note that there is no possibility of the 
interferometer' s measurement-beam getting out of the 
25 reflection surface due to the up/down movement of the 
wafer stage because a stroke of movement in Z-axis 
direction is, e.g., about lOOum in practice. 

Moreover, the main controller 50 can rotate the 
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wafer stage WST through a fine angle about the Y-axis 
passing through the gravity center of the wafer stage by 
controlling the expansions/contractions of the first rods 
178, to 178 6 via the first expansion mechanisms 194, to 
5 194 6 and changing a state of the first rods 178, to 178 6 
shown by solid lines in Fig. 15 to another state shown by 
virtual lines (two-dot chain lines) . Therefore, 6y 
rotation (an amount of rolling) of the wafer stage WST is 
adjustable. In the same way as this, the main controller 
10 50 can adjust 9x rotation (an amount of pitching) of the 
wafer stage WST by appropriately controlling the 
expansions/contractions of the first rods 178, to 178 6 via 
the first expansion mechanisms 194, to 194 6 . 

Also, the main controller 50 can rotate the wafer 
15 stage WST through a fine angle * 2 about the Z-axis passing 
through the gravity center of the wafer stage by 
controlling the expansions/contractions of the first rods 
178! to 178 6 via the first expansion mechanisms 194, to 
194 6 and, e.g., changing a state of the first rods 178, to 
20 178 S shown by solid lines in Fig. 16 to another state 

shown by virtual lines. Therefore, 0z rotation (an amount 
of yawing) of the wafer stage WST is adjustable. 

As described above, in the present embodiment, the 
position/attitude of the wafer stage WST in the six 
25 degrees of freedom can be controlled by the first 
parallel link mechanism 132. 

in the same way as the above, the main controller 50 
can control the position/attitude of the reticle stage 
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RST in the six degrees of freedom by appropriately 
controlling the expansions/contractions of the six second 
rods 179i to 179 6 of the second parallel link mechanism 
134 via the first expansion mechanisms 195 x to 195 6 . 
5 Fig. 17 schematically shows the structure of the 

control system of the exposure apparatus 130. this 
control system in Fig. 17 is composed of the main 
controller 50 and the stage controller 52 as its main 
portion each of which is a microcomputer or workstation. 
10 Next, the operation of exposure by the exposure 

apparatus 130 of the present embodiment will be described 
below with referring to Fig. 17, etc. 

First, in the same manner as the first embodiment, 
after preparation such as reticle alignment and base line 
15 measurement using a reticle microscope, an alignment 

detection system ALG, a reference mark plate FM, and the 
like (all are not shown), a fine alignment (EGA (enhanced 
global alignment) etc.) of a wafer W using the alignment 
detection system ALG is completed, and then the 
20 arrangement coordinates of a plurality of shot areas on 
the wafer are obtained. During such preparations, the 
main controller 50 moves the wafer stage WST via the 
stage controller 52 by using the above driving principle 
and controlling the first expansion mechanisms 194i to 
25 194 6 composing the first parallel link mechanism 132. 

Next, using the above driving principle, on the 
basis of the positional information, in the degrees of 
freedom X, Y, 9z, of the reticle stage RST reported from 
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the stage unit 52 in real time, the main controller 50 
controls the expansions/contractions of the second rods 
179x to 179 6 via the stage controller 52 by using the 
second expansion mechanisms 195, to 195 6 composing the 
second parallel link mechanism 134, moves the reticle 
stage RST , and positions the reticle R at the scanning 
start point in the Y direction. In the same way, using 
the above driving principle, on the basis of the 
positional information, in the degrees of freedom X, Y, 9z, 
of the wafer stage WST reported from the stage unit 52 in 
real time, the main controller 50 controls the 
expansions/contractions of the first rods 178, to 178 6 via 
the stage controller 52 by using the first expansion 
mechanisms 194, to 194 6 composing the first parallel link 
mechanism 132, moves the wafer stage WST, and positions a 
corresponding shot area on the wafer W at the scanning 
start point in the Y direction. 

Then using the above driving principle, on the basis 
of the positional information, in the degrees of freedom 
) X, Y, 9z, of the reticle stage RST and the wafer stage WST 
reported from the stage unit 52 in real time, the main 
controller 50 synchronously moves the reticle stage RST 
and the wafer stage WST in mutually opposite directions 
at a velocity ratio corresponding to the projection 
5 magnifrcation by controlling the first and second 

parallel link mechanisms 132, 134, and scanning exposure 

is performed. 

On this scanning exposure, the main controller 50 
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* civ first rods 178 and the 

controls the velocities of the six first 

six second rods 179, respectively composing the first 
parallel link mechanism 132 and the second parallel link 
onanism 134, as a conscience of the positional control 
of each stage based on the above driving principle. 

By the above operation, one-scan exposure (one shot 
exposure) of the reticle R is completed. 

„ -instructions from the main 
Next, accordxng to mstrutnui 

controller 50, the stage controller 52 steps the wafer 

and scans the wafer stage WST and the reticle stage RST 
each in an opposite direction to their previous direction, 
and performs scanning exposure onto other shot areas on 
the wafer. 

During the above scanning exposure, on the basis of 

ment results of focus and leveling in the 
the measurement results 

exposure area on the wafer reported fro. the stage 

controller 52 in real time, the main controller 50 

„ 7 flx 9v of the wafer stage WST as the 
calculates such Z, Ux, ey or 

20 exposure areas are xept within the range of the focus 

depth of the projection optical system PL by, calculates 
acceleration values to realize the position/attitude 
gi ven by those values, and gives them to the stage unit 
52. By this, on the basis of the acceleration values, the 
25 stage controller 52 controls the first expansion 

m echanisms 194, to 194 6 composing the first parallel rank 
^onanism 132, controls the expansions/contractions of 

^ n« tn 178*, and controls the 
the first rods l/oi to -L' 0 6r 
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position/attitude in three degree, of freedom Z, 9x. 9y of 
the wafer stage WST and its position/attitude in the 
degrees of freedom X, Y, 9z simultaneously. That is, in 
this way, the adjustment of the relative position, zn 

j m n fiv fiv between the projection 
5 three degrees of freedom Z, 8x, Uy, 

j tk. ,, a fpr W (wafer stage WST), i.e. a 
optical system and the wafer w (waie 

focus leveling oontrol, is precisely performed to prevent 
the deterioration of pattern-transferred images due to 
defocus as much as possible. 
l0 Furthermore, during the above scanning exposure, on 

the basis of the measurement results of focus and 
le veling in the exposure area on the wafer reported from 
the stage controller 52 in real time, the main controller 
50 calculates Z, 9x, 9y of the reticle stage RST, 
15 calculates acceleration values to realize the 

position/attitude given by those values, and gives them 
to the stage unit 52 to Keep the position/attitude, zn 
the degrees of freedom Z, 9x, 9y. of the reticle stage RST 
at a desirable state. On the basis of the accelerate 
20 values, the stage controller 52 controls the second 

expansron mechanisms 195, to 195 6 composing the parallel 
Un* mechanism 134, controls the expansions/contractions 

j iio t-o 179 C and controls the 
of the second rods 179i to i/» 6 , 

position/attitude in three degrees of freedom Z, 9x. 9y of 
25 the reticle stage RST and its position/attitude in the 
degrees of freedom X, Y, 9z simultaneously. That is, in 
this way, the relative position, in three degrees of 
freedom Z, 9x, 9y, of the reticle stage RST with respect 
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to the projection optical system PL is adjusted. 
Therefore, the transfer position deviations, image blurs, 
etc., of pattern-transferred images due to defocus, etc., 
are effectively suppressed. 
5 As described above, in the exposure apparatus 130 of 

the second embodiment, the main controller 50 expands and 
contracts individually the first rods 178, to 178 6 by 
using the first expansion mechanisms 194 x to 194 6 
composing the first parallel link mechanism 132 via the 
10 stage controller 52, thereby precisely controlling the 

position/attitude, in the six degrees of freedom (X, Y, Z, 
9x, Gy, 9z), of the wafer stage WST with desirable 
operational-characteristic and high rigidity. Because the 
wafer stage WST is driven by the first parallel link 
15 mechanrsm 132, such a driver to drive the wafer stage WST 
as a linear motor and a stage base (wafer base level 
block) to support the wafer stage WST are unnecessary. 
Also, it is unnecessary to provide a Z-tilt driving 
mechanism, etc., on the wafer stage WST. Therefore, it is 
20 possible to make the wafer stage WST small and 

lightweight . 

In the exposure apparatus 130 of the present 
embodiment, the main controller 50 expands and contracts 
individually the second rods 179, to 179 6 by using the 
25 second expansion mechanisms 195, to 195 6 composing the 
second parallel link mechanism 134 via the stage 
controller 52, thereby precisely controlling the 
position/attitude, in the six degrees of freedom (X, Y, Z, 
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6x, 9y, ez), of the reticle stage RST with desirable 
operational-characteristics and hxgh rigidity. Because 
the reticle stage RST is driven by the second parallel 
link mechanism 134, such a driver to drive the reticle 
5 stage WST as a linear motor and a stage base (reticle 
base level block) to support the reticle stage RST are 
unnecessary. Also, it is unnecessary to provide a Z-tilt 
driving mechanism, etc., on the reticle stage RST. 
Therefore, it is possible to make the reticle stage RST 
10 small and lightweight. 

Furthermore, in the exposure apparatus 130 of the 
present embodiment, a supporting mechanism (140, 142, 
144) supports the projection optical system PL fixed 
thereto on the floor surface FD where the exposure 
15 apparatus 130 is installed. Therefore, after the 

projection optical system PL is adjusted to take a 
desirable position and attitude at the initial adjustment 
in advance and is fixed in such a state by the supporting 
mechanism, the main controller 50 controls the 
20 position/attitude, in the six degrees of freedom (X, Y, Z, 
9x, 6y, 9z), of the wafer stage WST and the reticle stage 
RST as described above. As its result, the relative 
position, xn six degrees of freedom, of the wafer stage 
WST (wafer W) with respect to the projection optical 
25 system PL and the relatxve position, in six degrees of 
freedom, of the reticle stage RST (reticle R) with 
respect to the projection optical system PL can be 
controlled. Also, the position/attitude, in six degrees 
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of freedom, of the wafer W are measured with respect to 
the projection optical system PL, as reference, by the 
wafer interferometer system (24Wx„ 24Wx 2 , 24Wy) and the 
focus sensor 73 that are fixed on the lens-barrel level 
5 block 144 or the projects optical system PL that are 
independent from the wafer stage WST and the reticle 
stage RST regarding vibrations. Therefore, it is possible 
to perform precise measurements. 

In the present embodiment, because the first 
10 expansion mechanisms 194, to 194 6 and the second expansion 
mechanisms 195, to 195 6 each comprise an air cylinder and 
a shaft motor that are arranged mutually in series, the 
m ain controller 50 can drive the wafer stage WST and the 
reticle stage RST coarsely and by larger distances by 
15 controlling the air pressure of the air cylinder and also 
finely by the shaft motor. As a result, the main 
controller 50 can precisely adjust the 

positions/attitudes, in six degrees of freedom, of the 
wafer stage and the reticle stage, and then their 
20 relative positions with respect to the projection optical 
system PL in a short time. 

in the present embodiment, in the same manner as the 
first embodiment, because the first rods 178, to 178 6 and 
the second rods 179, to 179 5 each comprise an air pad to 
25 support the mover of the shaft motor with respect to its 
stator in a non-contact manner, in controlling the 
expansions/contractions of the first rods 178, to 178 6 and 
the second rods 179, to 179 s by expansion mechanisms, 
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friction that works as a non-linear component can be 
avoided. Therefore, the positions/attitudes, in six 
degrees of freedom, of the wafer stage WST and the 
reticle stage RST can be more precisely controlled. Note 
5 that in this case, a magnetic bearing unit may be used 
instead of the air pad. 

in the exposure apparatus 130 of the present 
embodiment, in the same manner as the first embodiment, 
much larger thrust can be generated compared with, e.g. 
10 usual linear motor, etc., and it is possible to make it 
smaller than a hydraulic cylinder, etc. Also, the 
parallel link mechanism 132, 134 of which each rod 
comprises an air cylinder and a shaft motor are suitable 
for the exposure apparatus 130 because making the 
15 exposure apparatus small and more lightweight and 
improving its output at the same time. 

in the exposure apparatus 130 of the present 
embodiment, the main controller 50 statically adjusts the 
relative position, with respect to the projectron optical 
20 system PL, of at least one of the wafer stage WST and the 
reticle stage RST by using air cylinders composing the 
first and second expansion mechanisms and can suppress 
vibrations by using shaft motors. In this way, it is 
possible to adjust the relative position, with respect to 
25 the projection optical system PL, of at least one of the 
wafer stage WST and the reticle stage RST and suppress 
vibrations caused by the expansion/contraction- drrve of 

the rods. 
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The main controller 50 can suppress vibrations of 
low frequency by controlling the air pressure of the air 
cylinders composing the first and second expansion 
mechanisms and isolate high frequency vibrations by 
5 controlling currents to the shaft motors. Therefore, low 
frequency vibrations in the wafer base level block 38 and 
the reticle base level block 12 due to a reaction caused 
by the drive of each stage can be suppressed and fine 
vibrations from the floor surface, i.e. high frequency 
10 vibrations, can be isolated. 

Furthermore, the main controller 50 can isolate high 
frequency vibrations by controlling currents to the shaft 
motors, thereby being able to isolate fine vibrations 
from the floor surface, i.e. high frequency vibrations. 
15 in the exposure apparatus 130 of the present 

embodiment, a number of devices described above make the 
wafer stage WST and the reticle stage RST lightweight, 
improve controllability of their positions and its 
characteristics of suppressing vibrations of the units 
20 and isolating vibrations of the floor, and make it 

possible to manufacture highly integrated semiconductor 
devices, which have finer line widths, with high yield. 
Also, the exposure apparatus of the present embodiment 
can perform exposure with high resolution with using F 2 
25 laser light or an energy beam of shorter wavelength in 
the atmosphere filled with a gas such as helium. 

Incidentally, although the second embodiment 
described a case where the positions /attitudes , in six 
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degrees of freedom, of the wafer stage WST and the 
reticle stage RST are controlled by the parallel link 
^onanisms, the present invention is not limited to this, 
not to mention. For example, the position/attitude, in 
six degrees of freedom, of only one of the wafer stage 
WST and the reticle stage RST may be controlled by the 
parallel link mechanism while the other is driven in the 
degrees of freedom X, Y, 6z by using a linear motor, a 
planar motor, etc., and the position/attitude, in the 
degrees of freedom Z, 9x, Gy, of an object (wafer or 
reticle) mounted on the stage is controlled by a Z- 
leveling mechanism provided on the stage. 

in another case, for at least one of the wafer stage 
WST and the reticle stage RST, the positions/attitudes in 
at least three degrees of freedom, e.g. X, Y, 9z, may be 
controlled by the parallel link mechanisms comprising 
three expandable rods. In this case, a driver such as a 
Unear motor, a stage base and the like of at least one 
of the wafer stage WST and the reticle stage RST are 
unnecessary. Note that to control the posrtions/attitudes 
in six degrees of freedom of the wafer and reticle, it is 
necessary to provide a mechanism (e.g., a Z-tilt drivrng 
me chanism) and the like to drive the other three degrees 
of freedom (e.g., Z, 9x, By) of the object (wafer or 
5 reticle) mounted on the stage. 

incidentally, although the second embodiment 
described a case where a supporting mechanism (140, 142, 
144) supports the projection optical system PL fixed 
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thereto on the floor surface FD, a parallel link 
mechanism comprising at least three expandable rods may 
support the projection optical system PL like the first 
embodiment. In this case, the initial adjustment of the 
5 projection optical system PL can be easily performed by 
controlling the expansion mechanism of each rod. After 
that, the projection optical system PL can be supported 
to take a desirable and fixed position/attitude by 
keeping the length of each rod by its expansion mechanism. 
LO Then by controlling the positions/attitudes of both the 
stages and adjusting the relative positions, in at least 
three degrees of freedom, of both the stages with respect 
to the projection optical system PL, the whole adjustment 
can be satisfactorily performed. In this case, an 
15 expansion mechanism comprising an air cylinder like the 
above expansion mechanisms is preferred. By such an 
expansion mechanism, the initial position/attitude of the 
projection optical system PL can be easily ad 3 usted by 
adjusting the inside pressure of the air cylinder. 
20 Furthermore, although the second embodiment 

described a case where the base member 136 of the first 
link mechanism 132 to control the position/attitude of 
the wafer stage WST and the base member 154 of the second 
link mechanism 134 to control the position/attitude of 
25 the reticle stage RST are separate, these base members 
ma y be one member. In this case, if a link mechanism 
supports the projection optical system PL, the base 
member of the link mechanism and at least one of the base 
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member 136 and the base member 154 may be one member. 

Note that the parallel link mechanisms of the first 
and second embodiments are examples and that parallel 
link mechanisms, which the exposure apparatus of the 
5 present invention can use, are not limited to those. 

The exposure apparatus of the present embodiments is 
made by assembling various sub-systems comprising 
elements in the claims of the present patent applxcation 
while keeprng mechanical precision, electric precision, 
10 and optical precision. To ensure the precision, after and 
before the assembly, adjustment to achieve the optical 
precisron is performed to its optical system; adjustment 
to achieve the mechanical precision is to its mechanical 
system, and adjustment to achieve the electric precision 
15 is to its electric system. A process of assembling 

various sub-systems into an exposure apparatus includes 
mechanical connection among the sub-systems, connection 
of electric circuits, and connection of tubes of air 
pressure circuits. Needless to say, before the process of 
20 assembling various sub-systems into an exposure apparatus, 
each sub-system should be assembled. After the process of 
assembling various sub-systems into an exposure apparatus, 
comprehensive adjustment is performed to ensure various 
kl nds of precision of the whole exposure apparatus. Note 
25 that it is preferable to make an exposure apparatus in a 

clean room where the temperature, the degree of cleanness, 
and the like are controlled. 

incidentally, although the present embodiments 
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described a case where the present invention is employed 
in a scanning exposure apparatus of a step-and-scan 
method, the present invention is not limited to that. The 
present invention can be suitably employed in a 
5 stationary-exposure-type such as an exposure apparatus 
(stepper) of a step-and-repeat method and also in an 
exposure apparatus of a step-and-s-itch method such as a 
mirror projection aligner. 

incidentally, although the present embodiments 
10 described a case where light, of which the wavelength is 
in the rang of about 120nm to about 180nm and belongs to 
vacuum ultraviolet region, F2 laser light, Kr 2 laser light, 
Ar 2 laser, ArF excimer laser light, or the like is used as 
the exposure illumination light. An ultraviolet emission 
15 light (g-line, i-line, etc., from ultra-high pressure 

m ercury lamp, KrF excimer laser light, harmonic wave from 

Furthermore, as a vacuum ultraviolet light, ArF 
excimer laser light or F 2 laser light is used. However, a 
20 higher harmonic wave may be used which is obtained with 
wavelength conversion into ultraviolet by using non- 
linear optical crystal after amplifying a single 
wavelength laser light, infrared or visible, emitted from 
a DFB semiconductor laser device or a fiber laser by a 
25 fiber amplifier having, for example, erbium (or erbium 
and ytterbium) doped. 

For example, considering that the oscillation 
wavelength of a single wavelength laser is in the range 
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of 1.51 to 1.59 um, an eight-time-higher harmonic wave of 
which the wavelength is in the range of 189 to 199nm or a 
ten-time-higher harmonic wave of which the wavelength is 
in the range of 151 to 159nm is emitted. Especially, when 
5 the oscillation wavelength is in the range of 1.544 to 
1.553um, an eight-time-higher harmonic wave of which the 
wavelength is in the range of 193 to 194nm, that is, 
almost the same as ArF excimer laser light (ultraviolet 
light) is obtained, and when the oscillation wavelength 
10 is in the range of 1-57 to 1.58um, a ten-time-higher 

harmonic wave of which the wavelength is in the range of 
157 to 158nm, that is, almost the same as F 2 laser light 
(ultraviolet light) is obtained. 

Furthermore, when the oscillation wavelength is in 
15 the range of 1.03 to 1.12um, a seven-time-higher harmonic 
wave of which the wavelength is in the range of 147 to 
160nm is emitted, and, especially, when the oscillation 
wavelength is in the range of 1.099 to 1.106um, a seven- 
time-higher harmonic wave of which the wavelength is in 
20 the range of 157 to 158nm, that is, almost the same as F 2 

laser light (ultraviolet light) is obtained. In this case, 
for example, ytterbium-doped fiber laser can be employed 
as the single wavelength laser. 

Furthermore, the present invention can be applied to 
25 an scanning exposure apparatus employing EUV (Extreme 
Ultraviolet) light, of which the wavelength is in the 
range of 5 to 50nm, as an exposure illumination light. In 
such an exposure apparatus using EUV light, an all- 
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reflection-type optical system and a reflection-type 

reticle are employed. 

Also, the present invention can be applied not only 
to a light exposure apparatus descrxbed above but also to 
5 an exposure apparatus using a charged particle beam such 

as an electron beam. 

Moreover, the present invention can be applied not 
only to micro devices such as semiconductor devices but 
also to the production of reticles or masks used by a 
10 light exposure apparatus, EUV (Extreme Ultraviolet) 

exposure apparatus, X-ray exposure apparatus and electron 
beam exposure apparatus, and an exposure apparatus that 
transfers a circuit pattern onto a glass substrate or 
silicon wafer. Incidentally, in an exposure apparatus 
15 using DUV (far ultraviolet) light or VUV (vacuum 

ultraviolet) light, a transmission-type reticle is 
employed in general. And as the substrate of the reticle, 
quartz glass, quartz glass with fluorine doped, fluorite, 
magnesium fluoride, or quartz crystal is employed. And an 
20 X-ray exposure apparatus or electron beam exposure 

apparatus of a proximity method employs a transmission- 
type mask (stencil-mask, membrane-mask), and as the 
substrate of the mask, silicon wafer or the like is 
employed. 

25 Note that the present invention can be applied not 

only to a wafer exposure apparatus used in the production 
of semiconductor devices but also to an exposure 
apparatus that transfers a device pattern onto a glass 
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plate and is used in the production of displays such as 
liquid crystal display devices, an exposure apparatus 
that transfers a device pattern onto a ceramic plate and 
is used in the production of thin magnetic heads, and an 
exposure apparatus used in the production of pick-up 

devices (CCD, etc. ) . 

in addition, the parallel link mechanism according 
to the present invention can be applied not only to an 
exposure apparatus but also preferably to any apparatus 
of whrch the miniaturization and lightening, and the 
improvement of the output are necessary and which needs 
to precisely control the position/attitude of a body to 
be driven. 



15 «A device manufacturing method» 

The embodiment of the method of manufacturing a 
device by using the above exposure apparatus in 
lithography processes will be described next. 

Fig. 18 is a flow chart for the manufacture of a 
20 device (a semiconductor chip such as IC or LSI, liquid 

crystal panel, CCD, thin magnetxc head, micro machine, or 
the like) in this embodiment. As shown in Fig. 18, in 
step 201 (design step), function/performance design for a 
dev.ce (e.g., circuit design for a semiconductor devrce) 
25 is performed to perform pattern design to implement the 
function, in step 202 (mask manufacturing step), a mask 
on which the designed circuit pattern is formed is 
manufactured. In step 203 (wafer manufacturing step), a 
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„afer is manufacturing by using a siiicon material or the 



like , 



in step 204 (wafer processing step) , an actual 
circuit and the like are formed on the wafer by 
5 Urography or the like using the mask and wafer prepared 
in steps 201 to 203, as will be described later. In step 

mKiw **f>r>) a device is assembled by 
205 (device assembly step), a 

nsing the wafer processed in step 204. Step 205 includes 
processes such as dicing, bonding, and packaging (chrp 

10 encapsulation) - 

Finally, in step 206 (inspection step), a test on 
the operation of the de»ice, durability test, and the 
like are performed. After these steps, the device is 
completed and shipped out. 
15 Fig. 19 is a flow chart showing a detailed example 

of step 204 described above in manufacturing the 
semiconductor device. Referring to Fig. 19, in step 21! 
.oxidation step), the surface of the wafer is oxidized. 
I„ step 212 (CVD step, , an insulating film is formed on 
20 the wafer surface. In step 213 (electrode formation step), 
an electrode is formed on the wafer by vapor deposition, 
in step 214 (ion implantation step), ions are implanted 
into the wafer. Steps 211 to 214 described above 
constitute a pre-process for each step in the wafer 
25 process and are selectively executed in accordance wrth 
the processing reguired in each step. 

When the above pre-process is completed in each step 
in the wafer process, a post-process is executed as 
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follows, in this post-prooess, first of all, in step 215 
(resi st formation step), the wafer is ooated with a 
photosensitive a.ent. In step 216, the cirooit pattern on 
fhe mas, is transferred onto the wafer by the above 

Tn step 217 (developing 
5 exposure apparatus and method. In step 

step), the exposed wafer is developed. In step 218 
(etching ste p) , an exposed member on a portion other than 
. portion where the resist is left is removed by etching. 
In step 219 (resist removing step), the unnecessary 
10 resist after the etching is removed. 

By repeatedly performing these pre-process and 
post-process, a multiple-layer circuit pattern is formed 
on each shot-area of the wafer. 

According to the method of manufacturing a device 
15 of the present embodiment, because exposure is performed 
by using an exposure apparatus 10 or 130 of the above 
embodiments in the exposure process (step 216) and 
exposure precision is improved, a highly integrated 
device is manufactured with high yield. 

20 

INDUSTRIAL APPLICABILITY 

As has been described above, because the parallel 
link mechanism according to the present invention can 
realize the miniaturization and lightening, it is 
25 suitably applicable to an exposure apparatus. In addition, 
the exposure apparatus according to the present invention 

• form a fine pattern composed of 

is suitable to precisely form a rme p 

multi-layers on a substrate such as a wafer by 
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transferring each layer. Furthermore, the method of 
manufacturing a device according to the present invention 
is suitable for manufacturing a device having a fine 
pattern. 
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